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Abstract
In recent tim es urban flood in g  has b ecom e m ore frequent and m ore com p lex  due to 
the effects  o f  increasing urban areas and clim ate change. In som e estab lished  urban 
areas the ex isting  drainage infrastructure is unable to cope w ith  the vo lu m e o f  surface 
ru n off and flood in g  events are m ore frequent, therefore n ew  approaches to  create 
m ore space for w ater w ith in  developm ents are required. This research w as con ceived  
in that context. It aim s to investigate the potential for integrating green space planning  
w ith  w ater planning and to develop  a fram ew ork for the sam e in  order to reduce the 
risk o f  flooding.
A n exten sive literature rev iew  w as carried out in the areas o f  urban planning, w ater  
planning, p lanning legislations, and issu es related to integrating green space and water 
planning. The rev iew  identified the need for an in clusive fram ework w hich  cou ld  
integrate aspects o f  green space and storm  w ater planning m ore h o listica lly  to ach ieve  
greater spatial planning effic ien cy . To satisfy  this need, a conceptual fram ew ork w as  
developed  w hich  took into consideration the op in ions o f  various stakeholders. The  
conceptual fram ework included green spaced p lanning for S U D S , recreational and 
storm water indicators and a m echanism  for integrated evaluation o f  S U D S  for 
recreation and storm water m anagem ent.
The conceptual fram ework provided a jo in t approach w here both engineers and  
planners w ill need to work together for the d evelopm ent o f  integrated storm water and 
green space plans. The fram ework show ed p rocesses for both d iscip lines and also  
indicates h o w  spatial planning and water p lanning interfaced so that there w as clarity  
o f  roles. In order to evaluate integrated plans, an ‘integrated evaluation to o l’ w as  
developed  w hich  uses indicators from both the areas o f  green space planning and 
water planning. The evaluation tool a lso  contained a scoring system  w hich  can be  
used to se lect storm water m anagem ent options w ith  m ore recreational potential. The  
too l provides a m echanism  to balance the requirem ents o f  recreation and storm  water  
m anagem ent so that m ore holistic solutions can be developed  by team s o f  engineers  
and planners.
m
The conceptual fram ework and the integrated evaluation  tool w ere applied to  tw o  case  
study catchm ents. R esults from  the case studies sh ow ed  the relationship o f  spatial 
planning and flood ing. It further tested w hether recreational aspects could be  
integrated into storm  water planning. A  num ber o f  drainage options w ere tested  to  
sh ow  the application o f  the evaluation tool under various scenarios.
This results o f  the research show ed  that the conceptual fram ework w as appropriate in  
both case study areas even  though the areas had different patterns o f  developm ent. It 
is therefore proposed that the approach has potential for wider application in  other 
geographical areas. R esults from the tw o  areas a lso  show ed that the integrated  
approach established in this research cou ld  enhance the recreational aspects associated  
w ith urban storm  water m anagem ent.
The fram ework presented in  this thesis w ill potentially  be o f  use to a w id e range o f  
stakeholders such p o licy  m akers, local authorities, water com panies, consultants and  
researchers. It cou ld  also be useful in inform ing the evolution  o f  planning p o lic ie s  and 
technical guidance associated w ith  water and green space planning.
K eyw ord s: storm water m anagem ent, S U D S , urban planning, green space planning, 
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Sustainable Urban Drainage System s (S U D S ) are attracting increased attention due to 
their ability to attenuate flow , reduce flood in g  and im prove water quality. H ow ever, 
planning o f  sustainable storm water m anagem ent rem ains unclear in the context o f  
urban spatial planning. A lso , urban areas w ith in  the U K  are undergoing expansion  and 
regeneration to im prove quality o f  life  for urban dw ellers, w h ich  is b ein g  constrained  
by lim ited  capacities in  ex isting  sew er system s. H ence, there is a need  to investigate  
the opportunities for SU D S w ithin the ex isting  urban landscape.
Planning o f  urban developm ents is  often  not harm onised w ith  the natural landscape, 
particularly water environm ent planning. There is frequently a perception  that 
developm ent planning cannot coex ist w ith  the natural environm ent. In order to reduce  
flood ing, green spaces could offer abundant areas for storm water m anagem ent. The 
am enity and recreational aspects associated  w ith  S U D S  have been  w e ll researched by  
A postolak i (2007), E m m erling-D iN ovo (2 0 0 7 ) and other researchers. T hese authors 
highlight several benefits, such as enhancem ent o f  w ild life , am enity value and 
reduction o f  flood ing , am ong others. Therefore, there is a case for integrated p lanning  
o f  S U D S and green spaces. Such an h o listic  p lanning approach w ould  not on ly  a llow  
developm ents to  occur w ithout causing the detrim ental effects o f  flood in g  or poor  
water quality in watercourses; it w ould  also  prom ote the m ultifunctional u se o f  green  
spaces, such as recreational and pedestrian u ses for flood  attenuation sites. S om e o f  
the n ew  developm ents, such as D E X  in  D unferm line in the U K , are taking steps in the 
right direction, as they prom ote greater integration o f  water in the landscapes o f  n ew  
developm ents.
The need for n ew  integrated approaches o f  spatial planning is increasingly b ein g  felt 
due to clim ate change. In the past, there has been  little ev idence o f  attem pts by  
professional planners to m ake the adaptations necessary to face scenarios o f  clim ate  
change (W ilson  2006). The need for n ew  planning approaches becam e m ore acute  
after the devastating 2007  flooding in  the U K . The Pitt R ev iew , com m ission ed  in  the
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w ake o f  2 0 0 7  flood ing , also identified  the need  for adopting S U D S  in  England and 
W ales (Pitt 2008).
The research presented in this thesis w as sponsored by G lasgow  C ity C ouncil to  
reso lve flood in g  problem s in innovative w ays. H ow ever, the scop e o f  the research  
w as enhanced to develop  a m ore generic m eth od ology  by includ ing aspects o f  green  
space planning and water planning. There w as very keen interest am ong the local 
authority o ffic ia ls  in  develop ing  a m ethodology  for integrated green space and water 
planning. Apart from  reso lv ing  flood ing incidents, enabling future d evelopm ent w as  
another driver for the local authority com m ission in g  this study, as traditional solutions  
w ere not w orking at the catchm ent scale.
The results o f  the project w ill be o f  interest to loca l authorities, Scottish  W ater, SEP A , 
and researchers look ing for ho listic  m ultidisciplinary approaches to water 
m anagem ent. M ulti-functional planning o f  S U D S  is increasingly being  adopted by  
authorities, both in the U K  and internationally. Planning o f  green spaces is  also  
undergoing a change, w ith  the quality, as w e ll as the quantity, o f  green spaces  
b ecom ing increasingly relevant (Dunnett, Sw anw ick , and W o o lley  2002; G reenspace  
Scotland 2010). This research aim s to com bine the em erging aspirations o f  providing  
high quality green spaces and h igh  am enity SU D S .
The central aim  o f  this research is to investigate the potential for integrating green  
space planning w ith  storm water planning. T his research w as tim ed appropriately, as 
there has been  an increasing interest in  sustainable d evelopm ent and global 
environm ental changes in recent years (H aughton and Hunter 2 0 0 3 ). Urban water  
m anagem ent is shaped by several criteria, such as land use, natural resources 
planning, p eo p le ’s perception o f  the ex isting  and desirable states o f  urban 
environm ents, availability o f  resources and loca l p o licy  goals (W agner, M arsalek, and 
B reil 2009). It w as pertinent, therefore, to investigate the link b etw een  w ater p lanning  
and green space planning. H ence, the fo llo w in g  questions w ere se lected  for research:
•  What distributions o f green space are most favourable for planning SUDS?
• What are the integrated indicators for storm water and green space planning?
• How should integrated water and green space planning be evaluated?
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The overall research outline is presented in Figure 1-1.
Figure 1- 1: Thesis overview
1.2 AIMS AND OBJECTIVES
This thesis has tw o aim s as presented below :
•  Investigate the potential for integrating green space and water p lanning as a 
m eans to reducing the risk o f  flood in g  in urban areas w ith  im perm eable so il.
•  D evelop  a fram ework for integrating green space planning w ith  water planning.
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The fo llow in g  objectives w ere adopted to ach ieve the aims:
•  To undertake prelim inary analysis (using existing literature sources and n ew  
case study data) to understand and establish , in  broad term s, an approach that 
m ight be used in integrating storm water planning and spatial planning.
•  To develop  a detailed fram ework for application o f  integrated green space  
planning at a catchm ent scale, as w e ll as to evaluate the benefits for 
im provem ent o f  storm water m anagem ent.
•  To identify indicators associated  w ith  am enity and quantitative storm water 
m anagem ent.
•  To develop  an integrated scoring tool invo lv in g  the integrated indicators.
•  To apply the proposed m eth od ology  in a case study catchm ent to dem onstrate 
its use for spatial planning.
•  To apply the m ethodology  in another catchm ent to provide ev idence that it is 
more generally applicable in sim ilar situations.
•  To evaluate the proposed integrated green space and water planning  
m ethodology in  the context o f  the ex isting  spatial p lanning fram ework, and 
understand its im plications for leg isla tive  and institutional planning issues.
1.3 STRUCTURE OF THESIS
The fo llow in g  sections d iscuss how  the structure o f  this thesis reflects the k ey  aim s 
and objectives o f  this study.
Chapter 2 -  Literature Review
The second chapter presents a rev iew  o f  the k ey  literature considered relevant to this 
research project. This rev iew  explores:
•  The background to the spatial planning and its leg isla tive context
•  The drivers for land use planning
•  legislation  and guidance related to planning and flood ing
•  Shifting paradigms o f  urban drainage system s
•  Issues associated w ith green space planning
•  Previous research into integration o f  water planning w ith  green space planning.
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The rev iew  o f  ex isting  spatial and drainage planning approaches, as w e ll as research  
into n ew  approaches, provided inform ation about the overall context o f  the research. 
It also helped  in  understanding the gaps in  k n ow led ge o f  integrated w ater and green  
space planning and the need  for further research.
Chapter 3 -  Proposed framework for integrated water and green space planning
Chapter 3 describes the conceptual fram ew ork generated as a h ypothesis after 
understanding the gaps in  ex isting  know ledge. T his fram ework com prises s ix  stages, 
in vo lv in g  aspects o f  both water and spatial planning. A s it is  a m ulti-d isciplinary  
approach, this fram ework also  identifies the roles o f  various d iscip lines in vo lved  in  
the different stages o f  the framework. A  m eth od ology  to im plem ent this conceptual 
fram ework is  developed  in Chapter 4.
Chapter 4 -  Research Methodology
In order to apply the proposed fram ework d eveloped  in Chapter 3, case study w as  
identified  as the research m ethodology  and a too l w as d eveloped  for evaluation  o f  
various S U D S  options. This too l included both am enity and storm w ater m anagem ent 
indicators. Previous research into green spaces and S U D S  provided the k n ow led ge for 
extracting indicators, w hich  w ere then d iscussed  w ith  a  focus group o f  academ icians  
and practitioners associated  w ith  d iscip lines o f  both water and urban planning. The 
various hypotheses developed  w ere applied in  the case study catchm ents described in  
Chapters 5 and 6 respectively.
Chapter 5 - Application of proposed framework to Light Burn catchment
Chapter 5 presents application o f  the conceptual fram ework d eveloped  in Chapter 3 to  
Light B u m  catchm ent, in the East End o f  G lasgow . Investigations for analysis o f  
flood ing  and spatial planning w ere carried out at both the catchm ent and sub­
catchm ent scales. A  number o f  S U D S  options w ere proposed w ith  different storm  
water and am enity aspects. Hydraulic m odels, obtained from  drainage consultants, 
w ere used  for the hydraulic assessm ents in these options. The integrated evaluation  
tool, proposed in Chapter 4, w as used to evaluate the proposed S U D S  options and 
preferred options w ere selected.
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Chapter 6 -  Application of proposed framework to Spateston Burn catchment
Chapter 6 presents the application o f  the m ethodology  in  a second  case study  
catchm ent in  order to test its applicability in  a totally  different area, i.e. w ith in  
R enfrew shire. The basic approach o f  the investigation  w as sim ilar to that in  G lasgow . 
H ow ever, this case area had a different pattern o f  d evelopm ent and constraints, w hich  
led  to greater understanding o f  factors prom oting integrated w ater and green space  
planning. A pplication  o f  the m ethodology  in  this area provided greater confidence in  
the indicators, w hich  w ere applied in this catchm ent.
Chapter 7 -  Evaluation/Discussion of work
T his chapter presents a com parison o f  the tw o case studies. The interpretations o f  the 
results o f  the tw o case studies in the context o f  ex isting  kn ow led ge w ere also  
discussed. The im plications for leg isla tion  and planning guidance are exp lored  to  
understand the scope for im provem ent o f  existing fram eworks. B en efits in  the areas 
o f  flood  m anagem ent and green space planning are identified. The m eth od ology  can  
be used by  planners and engineers to understand the requirem ents o f  integrated  
planning. R esearch im plications for S U D S  and green spaces are a lso  d iscussed. 
Finally, lim itations o f  the work are enum erated in the context o f  ex isting  literature.
Chapter 8 -  Conclusions and recommendations for further work
Chapter 8 sum m arises the research that w as undertaken in  this thesis, a num ber o f  
conclusions w ere drawn and highlighted the potential for further work. The studies 
sh ow  that the proposed m ethodology  w as applied to tw o different urban catchm ents, 
w hich  indicates its potential for application in  other areas. R ecom m en d ation s,,based  
on  the results o f  this research, w ere also provided to aid p o licy  developm ent, 
institutional decision-m aking, and planning o f  green spaces and storm water in  urban 
areas. The w ork has created an area w here a considerable am ount o f  future w ork  






This chapter develops the context for research in  the field  o f  ‘flood in g  and spatial 
planning’ by exam ining ex isting  literature. Section  2 .2  describes Urban Planning and 
its com ponents, such as housing, industrial, retail, transport and green space planning. 
L egislation  and regulations related to planning and flood ing  are rev iew ed  in Section
2.3 . Section  2 .4  describes the various guidance docum ents available for planning and 
design ing drainage system s in Scotland and England. The sh ifting paradigm  o f  urban 
drainage system s is presented in  section  2 .5 , w hich  exp lores the journey  from  
conventional drainage system s to more sustainable approaches. S ection  2 .6  deals w ith  
the context o f  integrating w ater planning into green space planning. B ased  on the 
rev iew  o f  literature, the gaps in  integrated planning o f  green spaces and S U D S  
planning are rev iew ed  in section  2.7.
2.2 URBAN PLANNING
This section  describes k ey  aspects o f  urban planning and the system  as practised in  
the UK; especia lly  in  Scotland and England.
Urban planning is based on  spatial and non-spatial aspects o f  planning. N on-spatial 
aspects are related to socia l and m athem atical scien ces, w h ile  spatial planning is  
based on a prescriptive norm ative theory that has roots in  U topian  thoughts. P lanning  
o f  services such as legal system , health system , education are exam ples o f  non-spatial 
planning w hile  zon ing o f  areas into industrial, residential, institution and recreational 
area is the spatial aspect o f  planning (M cC onnell 1981).
Chapin (1965) defines tow n  planning in  the spatial context as:
“While taking into account its inter-relatedness with transportation and utility 
planning, land use planning is basically concerned with the location, intensity and 
amount o f land development required for various space-using functions o f city life - 
industry, wholesaling, business, housing, recreation, education, and the religious and 
cultural activities o f the people. Fundamentally a land use plan is part o f an overall
1
Chapter 2
plan which embodies a proposal as to how land should be used as expansion and 
renewal proceed into the future” .
The T ow n and Country Planning A ct (1947) created the fram ew ork for the tow n  and 
country planning system  in  the U nited  K ingdom . It introduced the system  o f  planning  
perm ission, w herein local planning authorities w ere responsib le for decid ing w hether  
a developm ent should go ahead or not (C ullingw orth and N adin  2002).
The T ow n and Country planning A ct (1990) further consolidated  the system  as it 
ex ists  today. It created institutional and spatial developm ent m echan ism s w hich  
im proved the fram ework for the L ocal Planning Authority. P lanning docum ents 
(structure and local plans) and controls over d evelopm ent w ere introduced (O PSI
19 9 0 ) . Further, provisions w ere introduced for local infrastructure p lanning through  
the Planning A ct 2 0 0 8 , as described later in  this section. The m ain  planning  
leg islation  for Northern Ireland is The Planning (Northern Ireland) Order 1991 (O PSI
1991 )  . Planning in Scotland is governed by  the T ow n  and Country P lanning  
(Scotland) A ct 1997 (N ational A rchives 1997) and the P lanning etc. (Scotland) A ct  
2 0 0 6  (O PSI 2006). The planning system s o f  Scotland, England and W ales are 
essentia lly  the sam e, but differ because o f  com m on law  differences.
The Planning A ct (2008) introduced a n ew  stream lined system  for d ec ision s on  
applications to build nationally significant infrastructures in  England and W ales, 
alongside further reform s to the tow n  and country planning system  through the  
introduction o f  a C om m unity Infrastructure L evy  (CIL). The le v y  could  be usefu l in  
the developm ent o f  com m unity infrastructure, such as flood  m anagem ent, w ater and 
w aste water m anagem ent, and green infrastructure (C om m unities and L ocal 
G overnm ent 2009a).
P o licy  instruments have been further developed  by the four countries com prising the 
U K , i.e. England, Scotland, W ales and Northern Ireland. In England and Scotland, 
these are called  Planning P o licy  Statem ents (PPS) and Scottish  Planning P o licy  (SPP) 
respectively. The Scottish  Planning P o licy  is a consolidated  regulation form ed by  
am algam ation o f  several planning p o lic ies  in  Scotland (Scottish  G overnm ent 2 010). 
In W ales and Northern Ireland the planning p o licy  instrum ents are know n as P lanning
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P o licy  W ales (PPW ) and Planning P o licy  Statem ents (PPS) (C ullingw orth and N adin
2002).
Development Control
D evelopm ent control is a w ide ranging subject and em braces several aspects related to  
the use o f  land. It is  concerned w ith the real substance o f  developm ent, such as legal 
procedures for the planning o f  buildings, roads and other infrastructure operating at 
various scales, ranging from  human to regional and national scales. A  num ber o f  
professions, like architects, engineers, surveyors, landscape architects, law yers, 
financial experts, politicians and administrators, are in vo lved  to ensure that a plan fits  
into the environm ent. The type o f  activity in the adapted spaces is  another important 
aspect o f  developm ent control. For exam ple, the type o f  roads, open  spaces and 
parking requirements w ou ld  vary, depending on  w hether an area is residential or 
com m ercial (Thom as 1997).
C onsent - know n as planning perm ission  -  is required for n ew  build ings or before  
m aking major changes to existing build ings or to the local environm ent. Each  
application for planning perm ission is m ade to the local p lanning authority for the 
area. The application m ust include enough detail for the authority to see  what effect  
the developm ent could  have on  the area (C om m unities and Local G overnm ent 
2009b).
Local Spatial Planning
L ocal Spatial Planning sets out the k ey  ingredients o f  local spatial plans and the k ey  
governm ent p o lic ies on  h ow  they should be prepared. L ocal ch a llen ges and  
opportunities should be taken into account by loca l planning authorities in  preparing 
developm ent plan docum ents and other local developm ent docum ents. In England, 
these p o lic ies are contained in  Planning P o licy  Statem ent 12 (PPS 12) (C om m unities  
and Local Governm ent 2008).
The term ‘local planning authority’ usually  m eans the district or borough council - not 
the parish or tow n council. The planning system  is  needed to control d evelopm ent in  
an area. Each local authority m ust produce a L ocal D evelop m en t Fram ework, w h ich  
outlines h ow  planning is m anaged in  the area. It is important that individuals and
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com m unities are in vo lved  w hen  the docum ents are prepared (C om m unities and L ocal 
G overnm ent 2008).
There are tw o com ponents o f  the local plan: the structure plan and the local plan. 
Structure plans are m eant to provide a strategic planning fram ew ork for at least 15 
years ahead, reso lv ing  the balance betw een  developm ent and conservation. L ocal 
plans contain detailed p o lic ies  and sp ecific  proposals for d evelopm ent and use o f  
land. The allocation  o f  land for various uses, such  as housing or industrial, is based  on  
these p o lic ies (A dam s 1994).
L ocal plans also take into account the flood  risks associated  w ith  various sites. T hey  
sh ow  areas at risk o f  flood in g  and allocate sites for particular land use and 
developm ent proposals (C om m unities and L ocal G overnm ent 2 008). The p o lic ies  for  
flood ing  are contained in Planning P o licy  Statem ent 25  and d iscussed  in section  2 .3 .
Regional Spatial Planning
The objective o f  the R egional Spatial Strategy (R SS ) in  E ngland and W ales and the  
N ational Planning Fram ework in  Scotland is to contribute to the ach ievem ent o f  
sustainable developm ent (Scottish  G overnm ent 2004a). The R SS , w hich  norm ally  
incorporates a R egional Transport Strategy (R T S), provides a broad d evelopm ent 
strategy for the region  over a fifteen- to tw enty-year period. The R SS also  inform s the 
preparation o f  L ocal D evelop m en t D ocum ents (L D D s), L ocal Transport Plans (LTPs) 
and regional and sub-regional strategies and program m es; all o f  w h ich  have a bearing  
on land use activities.
F ollow ing the com m encem ent o f  the Planning and C om pulsory Purchase A ct 2 0 0 4 , 
R egional P lanning G uidance (RPG) becam e R SS in  each region  o f  W ales and  
England outside London, and n o w  forms part o f  the statutory D evelop m en t Plan - PPS  
11 (C om m unities and L ocal G overnm ent 2 009c).
Land use and land cover are important determ inants o f  the state o f  the natural 
environm ent. C onsequently, m easures o f  land use and land cover change have been  
w id ely  used as indicators o f  environm ental condition  and quality (P otschin  2009).
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The fo llow in g  sections d iscuss the urban planning considerations relevant to different 
land use planning types.
Housing
H ousing dem and is a major issu e in urban areas and it is important to provide proper 
affordable housing for all. The roots o f  housing  change lie  in  tw o  broad areas. 
D em ographic and social changes directly in fluence the num ber o f  hom es required. 
Secondly, econ om ic changes determ ine the quantity and type o f  housing that is  built, 
the nature o f  dem and and h ow  m uch peop le are able to pay for housing (M arsh and 
M ullins 1998).
The housing p o licy , as set out in the Scottish  Planning P o licy , encourages effic ien t  
supply o f  n ew  housing land, together w ith  the required infrastructure o f  
transportation, educational institutions, green spaces and em ploym ent opportunities. It 
also encourages developm ent o f  existing brow n field  sites (Scottish  G overnm ent 
2010). E nglish  housing p o licy , in PPS 3, has a sim ilar approach (C om m unities and 
Local G overnm ent 2011) .
The purpose o f  housing  is to m eet the hum an need for shelter and it is  in tu itively  
understood that housing construction m ay potentially  dam age or destroy the local 
ecosystem . H ow ever, the designing o f  housing  cou ld  b ecom e m ore integrated by  
including principles o f  eco log ica l engineering (P ei et al. 2 009). Redm an (1 9 9 9 ) has 
also suggested  that the need for building intellectual bridges betw een  life , earth, 
engineering and social scien ces is a n ecessity  for creating better ecosystem s. A  w e ll 
thought out developm ent can create great opportunities for good  housing and a natural 
environm ent w ith  integrated features for flood  m anagem ent, as w itn essed  in the 
Ardler housing developm ent (Scottish  G overnm ent 2010). Figure 2-1 sh ow s the 
housing area surrounding the pond in  Ardler v illa g e  in D undee, Scotland as an 
exam ple o f  integrated housing planning (British H om es Awards 2007).
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Figure 2-1: Pond and adjacent new housing in Ardler village Dundee, Scotland
(Source: British Hornes Awards 2007)
Business/Industry
Land use planning, related to business and industry, sets out clear economic vision 
and strategy, and proactively encourages sustainable economic growth through 
identification of priority areas for investment, as stated in PPS 4 (Communities and 
Local Government 2009d).
Business and industry are of two types: manufacturing and service. Manufacturing 
includes factories producing goods on a large scale, while services include generating 
and selling services, such as medical, hotel, food, offices, etc. The factors affecting 
industrial/ business locations are: Labour quality and quantity, transport and 
communications, site and premises, government aid and environment factors (Glasson 
1978). Although industries provide employment, they have from start been plagued 
with the problem of pollution (Sell 1992). Generally, environmental pollution of air, 
water and land is linked to industrial activities (Glasson, Therivel, and Chadwi 2005). 
Environmental regulations and pollution abatement by firms determine the pollution 
in various sectors of industry (Cole et al. 2005). In the UK there are various 





The basic classification  o f  shopping centres is  derived from  the s ize  o f  the area from  
w hich  they draw their trade. A ccording to the s ize  o f  the catchm ent area, three m ain  
classes o f  centres can be recognised:
•  the local neighbourhood centre for con ven ience good s (w ith in  w alk in g  
distance) (serving 10 ,000  people)
•  the district or com m unity centre (4 0 ,0 0 0  peop le)
•  the regional or m ain centre (100 ,000  peop le)
(G osling  and M aitland 1976)
Pharoah (1996) recom m ends that the planning o f  retail sites cou ld  be done in  such a  
w ay that it prom otes w alk ing and public transportation, w h ile  L eslie  et al. (2 0 0 7 )  
suggest that a higher density o f  neighbourhood retail is  necessary for prom oting  
w alkable access to  retail centres.
Transport
The problem s associated  w ith  m oving about in an urban area led  to the developm ent 
o f  transportation planning. The aim  o f  transportation planning, until recently, has been  
m ainly to serve the functional needs o f  traffic. H ow ever, m ore recently, transportation  
planning has undergone a paradigm shift, w ith  its focu s sh ifting towards in fluencing  
the accessib ility  o f  locations and reducing the need  to travel w ith in  the urban area 
(Pharoah 1996; C om m unities and Local G overnm ent 2006). R avetz (2 0 0 0 ) describes  
the conventional approach as transportation engineering, w here the focu s is on  
m obility, w h ile  the real issue is  that o f  accessib ility , w hich  he describes as an urban 
form or an activity pattern that enables access to  hom es, jo b s  and services w ith  the  
greatest social equity, the least travel and lo w est im pact m odes. Transportation, 
although an important service, also causes a major problem  in  terms o f  pollu tion  to  
the environm ent (Barton 2009).
Arnold and G ibbons (1 9 9 6 ) have described im pervious areas as key environm ental 
indicators for storm water. This is  due to the fact that roads and car parks constitute a 
traffic carrying com ponent o f  urban paved areas, w hich  causes pollu tion  to water
13
Chapter 2
bodies. Pollution, as w e ll as ru n off from roads, cou ld  be reduced b y  adopting S U D S , 
described in section  2.4 .
G reen  sp ace
Green spaces are central to providing natural recreation in urban areas. G reen spaces  
(e.g. parks, farmland, playgrounds, natural areas, etc) are dom inated by a “natural” 
environm ent, com posed  o f  abiotic (soil, water, m inerals) and b iotic  (plants, anim als, 
m icro-organism s) elem ents, w h ile  a built environm ent represents a h igh le v e l o f  
intervention in the ecosystem , altering the landscape and interfering w ith  natural 
processes, som etim es irreversibly (Maruani and A m it-C ohen  2 007). G reen spaces are 
defined as land that consists predom inantly o f  unsealed, perm eable, soft surfaces, 
such as so il, shrubs, grass and trees; the typ o logy  o f  green spaces is  presented in  
Dunnett, Sw anw ick, and W o o lley  (2002). D ifferent types o f  green spaces provide  
recreational opportunities, as described in  Table 2 -1 .
There has been increasing recognition o f  the va lu e o f  green spaces and the w id e range 
o f  ecosystem  services they provide (as detailed in  section  2 .6 .2 ). T hese services are 
provided by street trees, lawns/parks, urban forests, cultivated land, w etlands, 
lakes/sea and stream s (B olund  and H unham m er 1999). Investigations by Tratalos et 
al. (2007) indicate that ecosystem  quality tends to  decline as urban density increases, 
although for a g iven  urban density, appropriate proportion and configuration o f  green  
spaces can m axim ise eco log ica l performance.
A ccording to Planning P o licy  Guidance note (PPG  17) in England and SPP in  
Scotland, the local authorities are responsible for delivery o f  quality and accessib le  
green spaces. In addition to local authorities, G reenspace Scotland and Natural 
England also p lay an important role in  p o licy  advocacy, partnership developm ent, 
support, research and sharing practices.
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Table 2-1; Typology of urban green spaces (Dunnett, Swanwick, and Woolley 2002)
a> Recreation green space Parks and Gardens
cd
CL, Informal Recreational Areas
CO Outdoor sports areas
o
<D Play areasi-
o Incidental green space Housing green space
is' Other incidental green space
G<D
G
Private green space Domestic gardens
<




cda Churchyardso Institutional grounds School grounds
G  G
3  d, Other institutional grounds
P h  GO

















D Ga Linear green space River and canal banks
<
<u
o Transport corridors (road, rail,
e3 £ cycleway and walking routes)
c  cd.5 d  
J  C/3 Other linear features (e.g. cliffs)
In Scotland, ‘Greenspace Scotland’ supports a Scotland-wide network o f  green space  
partnerships involved in creating, improving and managing urban green spaces. This 
organisation has supported several research projects aimed at demonstrating the links 
between communities and green spaces (Greenspace Scotland 2010). A  similar v ision  for 
integrated green spaces has been enunciated by Natural England, which has launched  
initiatives to demonstrate how  both large and small developm ents can incorporate green  
infrastructure in practice (Natural England 2010a).
Water and flood planning
Planning for water in urban areas has been  one o f  the d ifficu lt areas in planning due to  
the transient nature o f  water. In recent years, flood ing  has been  increasingly in tense, 
obstructing critical infrastructure such as rail services, as sh ow n  in Figure 2 -2 . T he 
B B C  (2009) reported that thousands o f  peop le w ere forced to leave their hom es am id
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severe flooding across England and Wales in 2007 and it was believed to have 
claimed four lives.
Figure 2-2: Flooding of rail tracks (BBC 2009)
Flood damage potential has changed tremendously since the 1990s leading to shifting 
of policy from flood defence to living with water. This has resulted in the 
development of a new strategy by DEFRA titled ‘Making Space for Water’ (Johnson, 
Penning-Rowsell, and Tapsell 2007). This strategy raised key issues regarding the 
need to change the approach towards drainage planning. It recommends the need for a 
more holistic approach involving catchment-based planning in view of the greater risk 
posed by climate change. The policy paper also advocates the need for better 
awareness to reduce the risk of damage from flooding. Further, better land use 
planning and integrated drainage management is recommended in order to reduce the 
risk of flooding (DEFRA 2005). Research funded by DEFRA’s ‘making space for 
water strategy’ concluded that flood risk mapping was feasible for sewer and over 
land flooding. This was carried out using new methods of modelling, which involved 
integrating ID and 2D modelling (Hankin et al. 2008).
After the devastating flooding in 2007 management of urban flooding got more 
attention and the Pitt Review was commissioned. The Pitt Review suggests that there 
must be a step change in the quality of flood warnings. This can be achieved through 
closer cooperation between the Environment Agency, the Met Office, and improved 
modelling of all forms of flooding. The public and emergency responders must be
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able to rely on  this inform ation w ith  greater certainty. The rev iew  recom m ended a 
w ider brief for the E nvironm ent A g en cy  and asks councils to strengthen their 
technical capability in order to take the lead on  local flood  risk m anagem ent. It 
envisages further protection  for com m unities through robust build ing and p lanning  
controls (Pitt 2 008). H ow ever, the rev iew  does not suggest so lu tions to the ex istin g  
problem s o f  flood in g  w ith  the use o f  S U D S  techniques. Its m ain orientation w as  
towards reducing the econ om ic dam age from  flood ing.
M anagem ent o f  storm  water has been handled by different agen cies depending on  
their source w hich  resulted in  d ifficulties in  integrated approach towards m anagem ent 
(M cM aster and Baber 2 0 1 1 ). H ow ever, F lood  and W ater M anagem ent (2 0 1 0 ) reduced  
the conflicts and proposed overarching fram ework. Pitt rev iew  a lso  resulted in SW M P  
guidance from  D E F R A  (2010a) w hich  suggested  the need for local surface w ater  
m anagem ent plans co-ordinated by local authorities. It outlines four phases: 
preparation, risk assessm ent, options appraisal, and im plem entation o f  an action  plan. 
These four phases provide a fram ework for undertaking a SW M P study. It m ay also  
be used to co-ordinate and strategically plan the drainage in  all n ew  d evelopm ents  
w hich  could be usefu l for effic ien t planning o f  S U D S .
2.3 PLANNING AND FLOODING: LEGISLATION AND REGULATIONS
Important leg islation  and regulations associated  w ith  p lanning and flood in g  are 
analysed in this section .
Planning in England
1) Planning Policy Statement (PPS) 25
PPS 25 introduced a risk-based fram ework for planning o f  flo o d  m anagem ent. The  
p o licy  envisaged  a source-pathway and receptor m odel for d evelopm ent p lanning in  
flood  prone areas. It advocated a strategic approach through p o lic ies in  R egion al 
Spatial Strategies (R SS s) and Local D evelop m en t D ocum ents (L D D s). Further, it 
required m anagem ent o f  flood  pathways through appropriate d esign  o f  d evelopm ents  
and m axim isation  o f  S U D S  opportunities. The adverse consequences o f  flood in g  on  
the receptors (people, property, infrastructure, habitat and statutory sites) should  be  
m itigated by  avoid ing inappropriate developm ent in areas at risk o f  flood ing. PPS 25
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assigns responsib ilities to various planning stakeholders: The developers, the 
R egional Planning B ody, the L ocal Planning Authority, the E nvironm ent A gen cy , and 
other bodies. The ow ners and developers have primary responsib ility  for avoid ing  
flood ing; safeguarding their properties against flood in g  by dem onstrating that they are 
com pliant w ith  the p o lic ies in  PPS 25. The R egional Planning B od y  is required to  
d evelop  a R egional F lood  R isk  A ssessm en t (R FR A ) for planning housing  and 
infrastructure at a regional level. Im plem entation o f  the fram ework at a local lev e l is 
done through a Strategic F lood  R isk  A ssessm en t (SF R A ) by  loca l p lanning  
authorities. Im plem entation o f  PPS 25 has not been  effective, resulting in  flood in g  at 
various p laces (W hite and Richards 2007). There have been  m ajor institutional and 
com m unication  failures in  the im plem entation o f  the framework. T hese d efic ien cies  
w ere identified  in Pitt (2008) after the major flood in g  in 2007 . The find ings o f  the Pitt 
R ev iew  and its recom m endations w ere presented in  the previous section .
2) Water Environment (Water Framework Directive) (England and Wales) 
Regulations 2003
The W ater Framework D irective (W FD ) w as im plem ented in  England and W ales  
through the W ater Environm ent R egulations 2 003 . It provided developm ent o f  a 
strategic planning process for river basin  planning districts for sustainable water 
environm ent im provem ent. A  m onitoring m echanism  w as created through the 
regulations to evaluate the chem ical and eco lo g ica l potential o f  water (O P S I2 0 0 3 ).
3) Flood and Water Management Act 2010
The F lood  and W ater M anagem ent A ct (2 0 1 0 ) w as d esign ed  to fu lfil the 
recom m endations o f  the Pitt review . It proposes enhancem ent o f  the rem it o f  the 
Environm ent A gen cy  and requires local authorities to take a lead role in  local flood  
risk m anagem ent. H ence, it reduces the earlier storm water problem s related to  
m anagem ent by  m ultiple agencies. The A ct, for the first tim e, endorses the idea o f  
S U D S adoption by local authorities and could , therefore, introduce a regim e for 
sustainable urban drainage system s in England. H ow ever, the A ct d oes not 




The leg islation  has resulted in a co-ordinated approach by various stakeholders, such  
as the loca l authority, water com panies and the Environm ental A g en cy / Scottish  
Environm ent Protection A gen cy  (SE P A ). A lready, several Surface W ater  
M anagem ent Plans (SW M Ps) are being prepared by local authorities in  various parts 
o f  the U K  the progress m ade on SW M Ps varies from  one local authority to another, 
depending on  the availability  o f  resources (D E F R A  2010b).
Planning in Scotland
1) SPP: Scottish planning policy
The p o lic ies associated  w ith  flood  m anagem ent and control for Scotland is contained  
in  the SPP. A ccording to the p o licy  surface water from  all n ew  d evelopm ents excep t  
single houses require SU D S to reduce the im pact both hydraulically  and pollutant 
rem oval before it discharges into w atercourses. SPP also  contains a risk fram ew ork to  
provide for a b asis for d ecision  m aking related to flood  risk. A ccording to  the  
fram ework risk is depending on the probability o f  flood ing  (Scottish  G overnm ent 
2010).
2) PAN 69: Planning and Building Standards Advice on Flooding
This Planning A d v ice  N ote  (PA N ) guidance describes the responsib ilities o f  loca l 
authorities and developers in ensuring future built developm ents are not located  in  
areas w ith  a sign ificant risk o f  flooding. The first part o f  the docum ent enum erates 
background inform ation on the water environm ent and the factors w h ich  lead to  
flooding. The docum ent also contains advice on addressing flood  risk in d evelopm en t  
plans. This P A N  prom otes the use o f  sustainable m easures such  as S U D S  and a lso  
indicates the potential for retrofitting S U D S in ex isting  developm ents (S cottish  
G overnm ent 2004b ).
3) PAN 61: Planning and Sustainable Urban Drainage Systems
This P A N  deals w ith  SU D S and provides practice advice to  the planners and the  
developm ent industry. The guidance recognises that the p lanning o f  S U D S  require a  
number o f  agencies and discip lines (planners, developers, engineers, architects, 
landscape architects, eco log ists  and hydrologists) to  w ork in a partnership. Planners 
have a central co-ordinating role in getting S U D S accepted as an integral part o f  the  
developm ent process. The planners have a role o f  guiding the process from  pre­
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application d iscussions through to  d ecision s in bringing together different parties 
guiding them  to solutions w h ich  can lead to sustainable d evelopm en t (Scottish  
G overnm ent 2001).
4) PAN 79: Water and drainage
This docum ent provides advice in  relation to provision  o f  w ater and drainage in  the 
planning context. The p o licy  encourages jo in t w orking effective and participation by  
all stakeholders to enable appropriate developm ent to proceed. It a lso  clarifies the role 
o f  planning authority to inform  the planning and delivery o f  n ew  infrastructure. P A N  
79 also sp ecifies the role o f  Scottish  W ater and SE PA  indicating h o w  they interact 
w ith  the planning system  (Scottish  G overnm ent 2006).
5) Water Environment and Water Services (WEWS) Act 2003
The W ater Fram ework D irective was transposed into Scottish  law  in  2003 by  the 
W ater Environm ent and W ater Services (Scotland) A ct 2003 . The act set in  m otion  
the R iver B asin  M anagem ent Planning (R B M P) process to ach ieve im provem ents in  
the water environm ent in  a sustainable w ay. It also required production o f  annual 
reports detailing progress on the im plem entation o f  the W ater Fram ework D irective  
(Scottish  Governm ent 2003).
6) Flood Risk Management (Scotland) Act 2009
This act w as passed in Scottish  parliam ent on  13th M ay 2 0 0 9  to m ake p rov ision  for 
sustainable flood  m anagem ent. It m akes sp ecific  provisions for the functions o f  loca l 
authorities and SEPA  in relation to  flood  risk m anagem ent, and am ends the R eservoir  
A ct 1975. The act requires SEPA  to create flood  hazard m aps, flo o d  risk m anagem ent 
plans, and m apping o f  natural water bod ies and artificial structures. It a lso provides  
for local flood  risk m anagem ent plans by  local authorities, and sew er flo o d  
m anagem ent by Scottish W ater (O P S I2009).
2.4 DEVELOPMENT OF SUDS AND WATER QUALITY
W ater quality has been an important driver for planning o f  S U D S  in Scotland. The 
concept o f  B est M anagem ent practices term ed Sustainable urban drainage system s  
(S U D S ) w as introduced in Scotland by S U D S  working Party to control d iffused
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pollution  (D arcy 2 0 0 1 ). The em phasis on  treatm ent train w hich  includes source  
control, site control and regional control has been  recom m ended by the CIRIA S U D S  
guidance (C IR IA  2 0 0 0 ) to  provide three lev e ls  o f  treatment to storm water.
Sew ers for Scotland (W R c 2 007), is  a guide d eveloped  by W R c (W ater R esearch  
Centre) for use by developers in Scotland for the p rovision  o f  sew erage. It details the  
procedures and provides guidance for the d esign  and construction o f  such  
infrastructure. The docum ent is consistent w ith  the Sew erage (Scotland) A ct 1968  
w ith  respect to the provision  o f  sew erage infrastructure for housing  and  
industrial/com m ercial developm ents. The 2 nd ed ition  o f  the docum ent covers S U D S  in  
addition to conventional system s. It recom m ends a design  principle that the ru n o ff  
from  the developed  site should m im ic the quality and the quantity o f  the ru n off from  
the site in  its greenfield  state as far as practicable. It is  sim ilar to Sew ers for A dop tion  
in  relation to the design  o f  infrastructure, but contains additional inform ation, relevant 
to the Scottish  context.
Sew ers for adoption (W R c 2006), is a guide for the use o f  developers for provision  o f  
sew erage, w hich  could  be adopted by all W ater C om panies in  the U K . This docum ent  
also details requirem ents for SU D S, so that they can be offered for adoption. 
H ow ever, the institutional responsibility for S U D S  in  England and W ales has not 
been defined in this docum ent
The CIRIA S U D S  manual (W oods-B allard et al. 2 0 0 7 ) provides com prehensive  
guidance on  planning, design, construction and m aintenance o f  S U D S . It a lso  
addresses associated  issues, such as water quality, quantity, landscaping, b iod iversity , 
public perception, and com m unity involvem ent, as w e ll as w ater quality treatm ent and 
flood  risk m anagem ent. This is  an important docum ent that has added a sign ificantly  
n ew  level o f  understanding o f  SU D S system s.
The issues o f  water pollution  from R oads have been  w ell docum ented by several 
studies including (B astien  et al. 2010). A  m ore detailed guidance for sustainable  
drainage associated w ith  roads to m itigate flood in g  and water quality problem s w as  
developed called  S U D S for Roads. It is a recent consultation docum ent, intended for 
use by road engineers w ithin local authorities, Transport Scotland, consu lting
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engineers and other professionals in vo lved  in  the planning, design , operation and 
m aintenance o f  roads, surface water drainage and associated  S U D S  for n ew  and 
ex isting  developm ents. The docum ent describes the traditional context o f  road  
drainage design  and responsib ilities o f  the roads drainage adopting authorities. It fills  
a significant gap in the understanding o f  S U D S  application to roads. G uidance for 
construction, operation and m aintenance o f  road S U D S  have also been  provided in  
this docum ent. It a lso describes adoption procedures; from  the land-use planning  
process to road construction consent. Issues relating to un-adopted S U D S  and 
retrofitting are also sum m arised in  the consultation paper (Pittner and A llerton 2 009).
2.5 SHIFTING PARADIGMS OF URBAN DRAINAGE
Rapid urban developm ent at the beginning o f  the 2 0 th century led  to the requirem ent 
o f  p ipes for keep ing cities clean  and dry. Surface water and sew age w as d isposed  o f  
into w atercourses, causing environm ental degradation and d iseases for p eop le liv in g  
downstream . Later, treatment plants w ere set up, but storm water flo w s and C om bined  
Sew er O verflow  (C SO ) sp ills continued to be discharged into w atercourses (D ebo and 
R eese, 2003). A s  a result, the current drainage system s in urban areas con sist m ain ly  
o f  tw o categories: com bined sew ers (carrying both foul and storm water) and separate 
sew ers (separate conduits for storm  water and fou l water). This approach helps in  the 
m anagem ent o f  water locally , but it creates flood in g  in  downstream  areas as w e ll as 
water quality problem s in the w atercourses. In recent years, h ow ever, there has been  a 
n ew  trend for m anaging storm water at a catchm ent scale using S U D S  techniques  
(Butler and D avies 1998) but the governm ent p o lic ies for im plem enting a broader 
range o f  adaptation m easures m ight be ham pered by institutional cultures form ed  
w hen engineered approaches w ere the norm  (Harries and P enn ing-R ow sell, 2 010).
Studies carried out in different p laces have show n that an approach in v o lv in g  non- 
structural m easures is m ore sustainable for the m anagem ent o f  flood in g  (T ucci and 
V illanueva 1999; Faisal et al. 1999; O liveri and Santoro 2000). The m easures include: 
source control (watershed/landscape structure m anagem ent), law s and regulations 
(including zoning), econom ic instruments, an efficien t flood  forecast-w arning system , 
a system  o f  flood  risk assessm ent, aw areness raising, flood-related  data bases, etc  
(K undzew icz 2009).
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V arious studies have argued that the developm ent o f  traditional drainage system s  
directly harms the surrounding environm ent. For exam ple, the degradation o f  w ater 
quality and changes in  hydrologic response in im pervious areas has caused  
deterioration o f  eco lo g y  and habitat (W alsh  et al. 2005). A dditionally , , w atercourse  
corridors provide a link for dispersal o f  sp ecies (C ook  2002), but d evelopm ents in  
buffer areas have caused fragm entation o f  green spaces leading to further lo ss  o f  
biodiversity (Cairns 1995). W alsh (2 0 0 4 ) suggests that direct con n ection  o f  
im pervious areas w ith  p ipes to the w atercourse is harmful to taxa, but this harm could  
be reduced by  applying S U D S for protection o f  stream biota.
A s a result, S U D S  system s w ere introduced to m im ic natural drainage and overcom e  
the lim itations o f  traditional drainage. T hey u tilise  the concept o f  “m anagem ent 
train”, w h ich  is a usefu l concept in the developm ent o f  drainage system s. T his 
in volves using drainage techniques to change the f lo w  and quality characteristics in  
stages. The storm  water m anagem ent hierarchy starts w ith  prevention, w h ich  requires 
good  housekeep ing to prevent pollutants from  m ix ing  w ith storm -water runoff. W hen  
runoff is generated, it should be controlled at source as m uch as p ossib le . S ite and 
regional controls in vo lve m anagem ent o f  ru n off from several sub-catchm ents. 
H ow ever, as a general principle, the ru n off should be controlled as c lo se  to  the source 
as p ossib le (W oods-B allard et al 2007).
In the U K , several projects demonstrate the benefits o f  S U D S flo w  attenuation and 
water quality treatment (H eal and Drai 2 003). There are exam ples o f  m ore sustainable  
approaches to storm water m anagem ent, but the conventional hard engineering  
approach is still dom inant (W hite and H ow e 2 004). S U D S are n o w  a leg isla tive  
requirement in Scotland, and all new  developm ents include S U D S  as a w a y  to m anage  
water quality and quantity (Scottish  G overnm ent 2003).
Public perception studies for S U D S schem es by  A postolak i (2007) sh ow  that attitudes 
differ am ong the public according to site characteristics and are strongly in fluenced  
by the aesthetics o f  the schem e and the am enity benefits provided by  the system s. The  
investigation  show ed that a large percentage o f  respondents perceived  recreation as 
one o f  the m ost significant benefits o f  these system s. This clearly indicates a potential
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linkage o f  drainage p lanning w ith  recreational planning, w hich  has been overlook ed  
in the current planning system .
M itigation o f  flood in g  and C SO  spills is  a priority for ex isting  developm ents. L ittle 
attention has been  g iven  to the adoption o f  S U D S  techniques in such situations, as 
SU D S have been  adopted m ostly  for n ew  developm ents in  the U K . Sw an (2 0 0 3 )  
in itially proposed retrofit S U D S  and h is investigations led to the developm ent o f  a  
fram ework for prioritising retrofit SU D S (retrofitting SU D S refers to  applying S U D S  
in existing developm ents) in  urban areas. H ow ever, these studies concentrated on  
hydraulic factors and not on  issu es o f  land availability. Subsequent studies carried out 
by Broad (2 0 0 4 ) identifies land, and land ow ners’ approval, as im portant 
requirements in the planning o f  SU D S.
Investigations by  S ingh et al. (2003) u tilised  the fram ew ork o f  Swan (2 0 0 3 ) for 
assessing the feasib ility  o f  retrofit SU D S in the East End o f  G lasgow . A s a result o f  
the studies, it w as found that, apart from  the type o f  im perm eable areas and typ e o f  
S U D S , availability and types o f  green spaces are important factors for the planning o f  
retrofit S U D S  in urban areas.
Retrofit S U D S  are becom ing increasingly popular in several redevelopm ent projects. 
For exam ple, in  M alm o, Sweden, a S U D S  system  w as created on  an in fill 
developm ent to reduce downstream  flood in g  by m anaging storm water locally . A  
fundamental benefit o f  retrofit SU D S in  this project w as that it helped in  creating a  
water-based ecosystem , and added aesthetic value to the urban landscape  
(N iem czyn ow icz 1999). N um erous S U D S  projects have also  taken p lace in the  
Netherlands, w h ich  highlights som e o f  the associated  issues. Targets for 
disconnection  w ere set, frequently proving d ifficu lt to m eet, w hich  w as often  due to  
funding constraints. H ow ever, based on kn ow led ge gained from  using d ifferent 
techniques, d isconnection  has been com bined  w ith  replacem ent o f  sew ers and 
building o f  n ew  roads and houses (V erhoeven  and Zuurman 2 006).
Retrofitting o f  S U D S  is one m ethod for controlling w ater pollu tion  in receiv ing  w ater  
bodies. This has been demonstrated by  retrofitting a storm water outfall w ith  a  
treatment pond at the H ouston Industrial Park in  Scotland, w hich  resulted in
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im provem ent o f  quality in  receiving water (H eal et al. 2005). A dditional retrofitting  
o f  S U D S upstream o f  the pond, as recom m ended by Stovin  et al. (20 0 7 ), is  lik e ly  to  
further im prove the quality o f  water discharged into the receiving watercourse.
A nother important elem ent o f  urban drainage, frequently not receiv ing  appropriate 
attention, is  urban streams. Streams have been  culverted in m any o f  the cities in  the 
U K  as a result o f  urbanisation. Such culverted stream s having no m eanders, p o o ls  or 
riffles are o f  little eco log ica l im portance as they are constrained b y  concrete and steel 
lined channels. A lso , these watercourses have little recreational potential as they are 
cut o f f  from  the life  o f  the tow n, hidden behind fen ces, p laced at the back o f  buildings  
and gardens and buried in  culverts w ith no public access (SE P A  2000).
S u ccessfu l stream rehabilitation, according to B ooth  et al. (2 0 0 7 ), requires d iagnosis  
o f  the causes o f  degradation, and integrated m anagem ent to treat the range o f  
eco log ica l stressors. R ehabilitation o f  streams has various benefits: it helps to restore 
and create habitats for w ild life , im proves the recreational and am enity values o f  the 
sites, creates a more natural w atercourse and encourages its self-m aintain ing potential 
(N olan  and Guthrie 1998).
2.6 GREENSPACE PLANNING ISSUES
There are several issues associated  w ith green space planning that affect the d esign  o f  
urban green spaces. T hese issu es deal w ith  both form  and function  o f  green spaces  
and are d iscussed  in this section.
2.6.1 Green space design issues 
Accessibility
Contact w ith  nature is an important aspect o f  urban quality o f  life  (Com ber, 
Brunsdon, and Green 2008). The percentage o f  green space inside a one kilom etre and 
a three kilom etre radius w as show n to have significant im plications for perceived  
better general health. The association  w as generally  present at all degrees o f  urbanity 
but w as som ew hat stronger in low er so c io -econ om ic  groups (M aas et al. 2 006). 
H ow ever, p eop le’s perception o f  green spaces a lso affects the use o f  green spaces. A  
study in Bristol found that the accessib ility  o f  green spaces w as better in m ore
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deprived areas, but those residents had m ore negative perceptions and w ere le ss  likely  
to use the green spaces (Jones, H illsdon, and C oom bes 2009).
Natural England (2010b ) standards recom m end that people liv in g  in  tow ns and cities  
should have:
• an accessib le natural green space o f  at least 2 hectares in  s ize , no m ore than 
300 m etres (5 m inutes w alk) from  hom e
• at least one accessib le 20  hectare site w ith in  tw o kilom etres o f  hom e
• one accessib le 100 hectare site w ith in  five  kilom etres o f  hom e
• one accessib le 500 hectare site w ith in  ten kilom etres o f  hom e
• One hectare o f  statutory L ocal Nature R eserve per thousand populations
M easurem ent o f  green space accessib ility  can be carried out in G IS, using  netw ork  
analysis. N etw ork analysis w ith  GIS is u sefu l for so lv in g  veh ic le  routing problem s, to  
find shortest paths or to perform origin destination and optim um  route analysis (B on o , 
Gutierrez 2011). This can answer a  range o f  questions, such as roads and railw ay lines  
and facilities (Com ber, Brunsdon, and G reen 2008).
Attractiveness
Public perception studies by M usacchio and C oulson  (2001) sh o w  that p eop le are 
interested in the visual characteristics o f  landscapes. One o f  the goals o f  landscape  
planning is to enhance the beauty o f  the landscape (C olvin  1970). A ttractiveness is 
related to the dom inant perceptual attributes o f  the physical features o f  green space as 
a w hole, taking into account the context o f  the surroundings (H erzele and W iedem ann
2003). A ttractiveness is affected  by several aesthetic features o f  a park, such as the 
presence o f  trees, water (e.g . a lake), birds, park m aintenance (e .g ., irrigated law ns), 
park size  (w hich, in  turn provides variety and opportunities to “lo se  o n e s e lf ’), and the  
availability o f  am enities such as w alking paths (G iles-C orti et al 2 005).
Natural v iew s tend to be therapeutic in  com parison w ith other urban scenes. T hey  
reduce anxiety and stress leve ls  and p o sitive ly  affect an individual. B y  contrast, other 
urban scenes such as road traffic increase anxiety and stress lev e ls  (Sm ardon 1988). 
A nother benefit indicated by H illsdon et al. (2006) is  that an attractive green space  




H eterogeneity is  a crucial elem ent o f  the environm ental benefits derived from  
effic ien t functioning and m aintenance o f  natural system s. A reas w ith  tree cover and 
an understory o f  sm all trees, shrubs and herbs m ay provide critical habitat for w ild life  
Flores et al (1998). R esearch has show n that this a lso  has p sych o log ica l b enefits for 
humans. Fuller et al. (2007) found that the degree o f  p sych o log ica l benefit w as  
p ositively  related to the richness o f  p lant sp ecies and, to a lesser extent, to birds, 
w here perceived  richness corresponded w ith  sam pled richness.
In the m od em  era, p o lic ies for b io log ica l conservation  are based on prom oting a 
separation b etw een  hum ans and nature. E ven  though som e in itiatives for b io lo g ica l 
conservation have been  carried out for centuries, such as the creation o f  protected  
areas, the idea o f  a conservation area is recent (de O liveira 2 011). It is  increasingly  
being recognised  that b iodiversity needs to be prom oted in cities, and recently U nited  
N ations Environm ental Program (U N E P ) launched a global partnership for cities  and  
biodiversity, w h ich  endorsed a plan o f  action  for sub-national governm ents, c ities  and  
local authorities (U N E P  2010).
The structure and functions o f  b iod iversity  are interdependent in  an open space  
system . A n  extensive open space system  is  based  on  strategies that: (1) seek  to  
identify the optim al spatial configuration for a particular landscape, w h ich  w ou ld  
enable developm ent and change to occur w h ile  m aintaining landscape functions at 
proper or acceptable levels; (2) recognise the potential for d evelopm ent actions to 
m ake a p ositive  contribution to landscape function; (3) appreciate and integrate 
dynam ic landscape p rocesses w ith  landscape planning (A hem  1990).
Sports, recreation, and well-being
P eople generally  go  to parks in order to relax in  a natural setting. B ein g  in  nature also  
evok es feelin gs o f  freedom , fortune, adventure, happiness, unity w ith  self, unity w ith  
nature, etc. (Chiesura 2004). A  study in England found that neighbourhoods w ith  
greater proportions o f  green space w ere associated  w ith better health, although the 




Parks can also m ake provision  for outdoor sports, such as sports p itches, p laying  
fields, g o lf  courses, and other outdoor activ ities. T hese often occur w ith in  parks, but 
m ay be separate, esp ecia lly  in  the case o f  g o lf  courses (Dunnett, Sw anw ick , and 
W oolley  2 002). Park u se affects the perception  o f  park availability  and quality, 
according to research by R ies et al. (2009). G reen spaces can prom ote integration o f  
disabled peop le, as show n in studies in  M ainau Park in  Germ any and in the 
Pancheiron Project in  Switzerland. H ow ever, this possib ility  has not been  fu lly  
developed  because o f  the lack o f  optim al serv ice provision  and landscape structuring 
(N ico le  and Seeland 1998).
Community Involvement
D ifferentiation in socia l traits is more im portant than physica l park attributes in  
influencing green space patronage. C om m unity quality factors, such  as 
neighbourhood relationships and concern about the com m unity notably affect the 
perceived im portance o f  green spaces. Urban green space planning in  d evelop ing  
countries cou ld  add the socia l-scien ce d im en sion  to  the prevailing em phasis on  
physical design , w ith  a v iew  to em bedding the social life o f  residents (Lo and Jim  
2010). People o f  different cultures w ere also  found to have different park usage. For 
exam ple, Latino park users v isiting parks in  large fam ily groups appropriated m ore 
space, often  engaging in  parties, birthday celebrations, w edding anniversaries and 
picn ics, w hile  Caucasian users visited  parks less  frequently and w ere also  m ore lik e ly  
to v is it parks alone (M arcus and Francis 1998).
E vidence suggests that lo w  leve ls  o f  active transport (human pow ered form s o f  travel 
such as w alk ing and cycling) and p h ysica l activity am ong children in  the 
neighbourhood are associated  w ith  a lack o f  p erceived  neighbourhood safety (Carver, 
Tim perio and Crawford 2008). C om m unity-led approaches in planning, designing, 
and ow nership o f  green spaces provide m ultip le benefits. Such an in itiative, called  
“D oorstep Greens Initiative” in England, has prom oted interaction, resource poo lin g , 
and planning o f  com m unity events (Natural E ngland 2010a). Balram  and Dragic evtf
(2005), em phasise the importance o f  c itizen s’ participation in the green space  
planning process, so that planners can understand the n on -econ om ic values that 




The characteristics o f  natural environm ents can aid recovery from  fatigue. Natural 
scenery tranquillises the m ind and yet en liven s it (K aplan 1995). It also enables  
physical activity, w h ich  has been show n to reduce m orbidity and m ortality by  
decreasing heart d isease, diabetes, h igh  b lood  pressure, co lo n  cancer, fee lin gs o f  
depression/anxiety, and obesity; w hile bu ild ing and m aintaining healthy bones, 
m u scles and jo in ts (B edim o-R ung, M ow en, and C ohen  2005).
Green spaces can reduce the adverse im pacts o f  stressful life  events. It w as reported  
from surveys by V an den B erg et al. (2 0 1 0 ) that the relationships o f  stressful life  
events w ith  num ber o f  health com plaints and perceived  general health  w ere  
sign ificantly  m oderated by amount o f  green space in  a 3 -km  radius. A ccording to 
another study b y  M aas et al (2008), le ss  green space in  p eo p le ’s environm ent 
coincided  w ith  feelin gs o f  loneliness and w ith  a p erceived  shortage o f  social support. 
On the other hand, w ith  m ore green spaces, R ichardson and M itchell (2010) found a 
significant decrease in cardiovascular and respiratory d isease m ortality rates.
2.6.2 Ecosystem services
The various functions provided by green spaces cou ld  be grouped into ecosystem  
services. M oll and Petit (1994) define an eco sy stem  as a set o f  interacting sp ecies and 
their local n on -b io logica l environm ent functioning together to sustain life. Urban  
green spaces provide various services, such as air filtering, m icro-clim ate regulation, 
n oise reduction, rainwater drainage, sew age treatm ent, and recreational cultural values  
(B olund and H unham m er 1999). The various elem ents o f  the ecosystem  providing  
these services are show n in Table 2-2.
Table 2-2: Ecosystem services from various landscape features in Stockholm (Source: Bolund 






Air filtering X X X X X
Micro-climate
regulation
X X X X X X
Noise reduction X X X X X
Rainwater
Drainage




X X X X
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Several authors have attem pted to value eco sy stem  services. V alu ing ecosystem  
services through econ om ic considerations w ould  redress its traditional n eg lect in  
p o licy  d ecisions (C hee 2004). Kumar and Kum ar (2008) have d iscu ssed  the various 
values provided by  ecosystem s, such as market value, intrinsic value, ex isten ce value, 
bequest value, present value, option value and quasi-option  value. D eterm ination o f  
credible va lue w ould  strengthen the functioning o f  markets for them , although such  
valuation is  challenging (Kumar 2005). L oom is et al (2000) dem onstrated a public  
survey valu ing the ecosystem  services in  an im paired river basin. In the U K , the 
im portance o f  ecosystem  services is  being  increasingly recognised , and D E F R A  
(2007) has developed  an introductory guide to valu ing them . T hese studies indicate 
that valuation o f  ecosystem  services is d evelop ing  rapidly and could , in  the future, 
becom e part o f  m ainstream  econom ics.
2.6.2 Multi-criteria green space evaluation
Land-use planning often  in vo lves conflicting dem ands for uses, but it is im portant to  
use a w ell-in form ed  d ecision  making approach. G ul et al (2 0 0 6 ) developed  a m u lti­
criteria scoring m atrix for urban forests, w here recreational, eco lo g ica l and structure­
strengthening indicators w ere used. Investigations by Gul et al (2 0 0 6 ) show ed  greater 
w eighting for recreational them es than for other them es. A  m eth od ology  w as  
developed by Schetke and H asse (2008) to analyse m ultiple criteria associated  w ith  
green spaces and tow n  planning to assess socia l and environm ental issues. H ow ever, 
this study w as applicable on ly  for cities experiencing population shrinkage.
M ore w eighting has been  provided for socia l factors than eco lo g ica l issu es in  m ost o f  
the studies. For exam ple, investigations by  G ul et al (2 0 0 6 ) provided greater 
w eightings for recreational factors. Sim ilarly, public perception surveys by G iles-  
Corti et al (2005) also provided more w eigh tin g  for recreational factors. Gul et al
(2006) assum ed the parameters w ithin recreational and eco log ica l them es to be o f  the 
sam e w eighting, although an assessm ent by G iles-C orti et al (2 0 0 5 ) provided  
variable w eightings for various parameters.
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2.7 INTEGRATION OF WATER PLANNING WITH GREEN SPACE 
PLANNING
W ater is an open  system  (D reiseitl et al. 2 0 0 1 ) dependent on  landform  and is, 
therefore, one o f  the natural processes that cannot be m anipulated w ithout harm ing  
the natural environm ent. This im plies that S U D S  planning w ould  require orienting the 
urban structure planning process in such a w ay  that the requirem ents o f  nature are 
satisfied  w ithout affecting benefits in other areas. In other w ords, it m eans planning  
and design ing w ith  nature in order to ach ieve the aim s o f  the planning p rocess as w e ll  
as effic ien t storm drainage. A  water sen sitive planning approach w ould , 
sim ultaneously and synergistically, serve socia l, econom ic and environm ental 
objectives (C annon  and Shamir 2009).
Kaiser (1 9 9 7 ) describes som e o f  the requirem ents and p ossib ilities  o f  best  
m anagem ent practices for storm water ru n off from  the v ie w  o f  eco lo g ica l tow n  
planning. T he author investigated the total spectrum  o f  urban planning situations  
dependent on tw o variables: The am ount o f  storm  water ru n off (dependent on  the 
am ount o f  paved  surfaces) and the p ossib ility  o f  infiltration (dependent on  the am ount 
o f  green space). In a com plem entary approach in  the context o f  tow n  planning, 
C am ion and Shamir (2009) advocate a higher density d evelopm ent as a w ater 
sensitive approach, as it serves m ultiple goals: socia l (enabling m ore and better 
services), econ om ic and environm ental (reduced pollu tion  loads). The fo llo w in g  
figures for the effect o f  building density on  generation o f  m n o ff  w ere calculated based  
on studies in U SA : 1 housing unit per acre -5 3 0  m  /  year, 4 units per acre - 175 
m  /year from  each unit, and 8 units per acre -  140 m  /  year (C am ion  and Sham ir 
2009).
In the U K , the sustainable planning guide by  the T ow n and Country P lanning  
A ssocia tion  (TCP A ) lays dow n the im portance o f  b iodiversity at different lev e ls , from  
the doorstep to the larger parks, and also  sp ec ifies  the need for integration w ith  
sustainable water system s (T C PA  2004). In order to ach ieve this integration, the 
SU D S manual (W oods-Ballard et al 2 0 0 7 ) em phasises the need for am enity as a 




Som e o f  the attributes for consideration o f  good  am enity spaces w hich  also  integrate 
storm water system  are: usability by com m unity, attractive, interesting and 
m ultifunctional. T hese could  be ach ieved  through various options, such as creating  
destination points, seating areas, and easier accessib ility  (E chols and Pennypacker  
2008a). A ccord ing to E chols and Pennypacker (2008b), sustainable storm  water 
m anagem ent techniques are being used  for enhancem ent o f  the am enity and  
recreational value o f  various p laces in the U S A . The authors g ive  several exam ples: a 
w etland, an axial b io  sw ale term inating in  a f lo w  splitter plaza, and scupper w ith  
attached stain less steel salm on silhouettes.
In M alm o, Sw eden, all n ew  developm ents in  the city  are planned w ith  particular 
consideration for the drainage o f  storm-water. W herever possib le, n ew  d evelopm ents  
are built up along constructed open-drainage corridors, w hich  are laid out at a very  
early stage in  the planning process. C lose co-operation  betw een the different techn ica l 
departments in the city  and the active in volvem en t o f  the public has proved to be o f  
utm ost im portance for successfu l im plem entation o f  the concept o f  sustainable storm  
water m anagem ent (Stahre 2002).
Integration of SUDS devices into urban planning
SU D S com ponents have several characteristics that support their integration into  
urban open space planning. This section  describes the characteristics o f  som e o f  the 
com m only used S U D S types w hich  could be integrated w ith green spaces.
Sw ales are shallow , grassy-lined channels w ith  shallow  sid e-slop es d esign ed  for 
conveyance and infiltration o f  storm-water. The sw ales can be designed  to integrate  
w ith the surrounding landscape. A s show n in Figure 2-3 they can be created to  form  
features o f  the landscaped areas o f  the site or can be incorporated into ornam ental, 
am enity and screen-planted areas (Environm ent A gen cy  2010). T o increase  
infiltration, it m ay be provided w ith check  dam s. V egetation  in the sw a les acts as a 
filter, w hich  holds back pollutants as w ell as treating them. Sw ales are w e ll su ited  for 
highw ays or residential areas because o f  their linear runoff (W oods-B allard  et al. 
2007). Sw ales can be used as part o f  lo w  im pact developm ents, and also be profitable  
for developers as demonstrated in an exam ple from  Som erset com m unity, U S A  w here
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the developers saved $916,382 by using swales and bio-retention cells against 
conventional drainage (Guillette 2010).
Swales also promote biodiversity in urban areas. Investigations by Kazemia et al. 
(2009) showed a decreasing trend of biodiversity, from bio-retention swales, 
gardenbed-types, to lawn-type green spaces. This result may imply similar patterns of 
decreasingly favourable habitat features for species in these landscapes.
Figure 2-3: Swale in Ardler Village, Dundee, UK.
Detention basins treat water by providing sedimentation for pollutants. The hydraulic 
function of detention basins is to provide temporary above-ground storage for storm­
water during rainfall. They are designed to reduce peak flow rates, during storm 
events, to their pre-development levels (Woods-Ballard et al. 2007). Detention basins 
if designed improperly quite often become disruptive wastes of urban land. The 
basins, which are designed mainly for storm water control without other social 
benefits, are likely to become intrusions in the lives of urban communities. Urban 
residents recognise such basins as irrelevant or hazardous to their well-being and have 
no motivation to maintain them (Ferguson 1991). However, it is possible to mould 
storm water basins into integrated components of the urban landscape in ways that 
provide aesthetic, recreational, economic, and ecological values. Evangelisti (2003) 
presents an example of an integrated basin within a housing estate, which is attractive 
and accessible, shown in Figure 2-4.
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The value of detention basins depends on the associated amenity and aesthetics. This 
was evident from a residential property purchase survey by Emmerling-Di-Novo
(2007), which indicated a preference for properties overlooking wet detention basins 
over dry ones when people were given a choice. Additionally, investigations by Lee 
and Li (2009), using the hedonic pricing model, showed that a multi-use detention 
basin neighbourhood was more highly valued than a single use flood control detention 
basin neighbourhood.
Figure 2-4: Amphitheatre-Type Detention Basin in the city of Perth, Australia
(Source: Evangelisti, 2003)
Ponds are structures designed for storage of rain runoff during wet-weather. Ponds 
contain a permanent pool of water and possess additional capacity for attenuation of 
storm water runoff. They include balancing and attenuation ponds, flood storage 
reservoirs, lagoons, retention ponds and wetlands (Woods-Ballard et al. 2007). The 
ponds should also have recreational and community uses. Ponds develop a variety of 
flora and fauna as they contain water all year round. They also provide passive 
biological treatment for pollutants, as well as sedimentation and filtration (Greenway 
2000). Comparative studies of SUDS ponds with natural ponds show that SUDS 
ponds exhibit similar variability in invertebrate community composition and structure. 
These similar community compositions and structures suggest that a highway SUDS 




In the U K , aw areness o f  habitats provided by  S U D S  is increasing. B ig g s et al (2 0 0 0 )  
contend that ponds are very rich habitats for aquatic plants, invertebrates and 
am phibians. T hey also support a variety o f  m am m als, birds and fish , esp ecia lly  w here  
they form  a m osaic o f  habitats. M any o f  these species have been  identified  in  S U D S  
ponds during surveys in  the D E X  ponds o f  Scotland (H eal 2 010). H ow ever, in  order 
to m axim ise the b iodiversity potential o f  ponds, good  design  approaches are required, 
such as proxim ity  to other water bodies like stream s or w etlands, sh a llow  w aters, 
undulating topography, islands in larger ponds and planting o f  native sp ecies (B ig g s  
et al 2000).
Past planning and developm ent o f  green spaces often  resulted in  d evelopm en t o f  
patches o f  green spaces and, hence, environm ental degradation; and flood in g  
problem s cou ld  not be contained. H ow ever, recent developm ents indicate that 
aw areness o f  water sensitive green space p lanning is  increasing. For exam ple, one o f  
the important elem ents o f  G lasgow  Strategic D rainage Plan is to develop  S U D S  and 
deculvert w atercourses to reduce flood ing  (A ukerm an et al 2008).
S U D S  are becom in g  recognised  as instruments for provision  o f  ecosystem  services in  
urban areas. Jackson and B outle (2008) have advocated that S U D S  should be valued, 
not just as engineered solutions to m itigate d evelopm ent effects, but also as eco sy stem  
services providing eco log ica l goods. A m ong the various w ater features exam ined  by  
Bolund and Hunhammer (1999), w etlands w ere found to provide m axim um  
ecosystem  services.
2.8 RESEARCH POTENTIAL
This section  evaluates the gaps in the ex isting  approaches and recom m ends an  
integrated m ethodology  to overcom e the ex isting  shortcom ings o f  the various 
planning approaches.
2.8.1 Need for further research
This chapter has developed  the linkages o f  green space planning and water planning. 
W ith the em ergence o f  SU D S as replacem ents for conventional drainage system s, the
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im portance o f  am enity and biodiversity in  drainage has been  h igh lighted  as they  
occupy one side o f  the SU D S triangle (C IR IA  2 0 0 0 ). A s  storm water system s b ecom e  
available on  the surface, p eo p le’s perceptions are becom ing increasingly  relevant. 
This has been confirm ed in various surveys by A postolaki (2 0 0 7 ) and E m m erling- 
D iN o v o  (20 0 7 ), w hich  show  preferences for eco lo g ica lly  estab lished  and h igh  
am enity S U D S  system s. H ow ever, the degree o f  integrated planning o f  S U D S  differs 
in  different regions o f  the w orld, as d iscu ssed  in  the exam ples o f  integrated planning  
in  section  2.6 .
L egislation  does not provide a fram ework for integration, as d iscussed  in  section  2.3 . 
Planning P o licy  Statem ent 25 (PPS 25) focu ses on ly  on  flood  m anagem ent, w ith  no  
reference to other aspects o f  the environm ent, such as eco lo g y  and b iodiversity. The 
W EW S A ct 2003 in  Scotland, and W ater Environm ent (W ater Fram ework D irective) 
(England and W ales) provide som e im petus to  planning for the higher eco lo g ica l 
potential o f  water, but still fall short o f  providing gu idelines for integrated spatial and 
water planning.
The shifting paradigm s o f  urban drainage have created the need  for interdisciplinary  
planning for storm water. Storm water is increasingly  v iew ed  as a resource rather than  
earlier perceptions o f  it being a nuisance (D ebo and R esse 2 003). V arious authors, 
such as W alsh et al. (2005) and Cairns (1 9 9 5 ), have advocated the need  to  link storm  
water planning w ith  eco log ica l and b iod iversity  planning.
A lthough several projects (e.g. Aukerm an et al. 2008; Stahre 2 0 0 2 ) have h igh lighted  
the recreational benefits in volv in g  S U D S , there has not been  enough  w ork done to  
link those aspects w ith  engineering aspects o f  drainage planning. H ow ever, there is a 
considerable lack o f  research into the developm ent o f  a jo in t m eth od ology  to integrate 
the planning o f  SU D S and green spaces. T his research aim s to fill som e o f  that gap by  
develop ing  a m ethodology  for the integrated planning o f  green spaces and SU D S .
Through literature review s it has been found that research and d evelopm ent o f  S U D S  
is  a recent phenom enon, occurring w ith in  the last tw o decades in the U K . The  
planning benefits o f  S U D S and w atercourses have com e to light through the w orks o f  
E vangelisti (2003), W halley (1998) and A posto lak i (2007) am ong others, as d iscussed
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in  Chapter 2. H ow ever, these investigations present on ly  sp ecific  p lanning aspects o f  
S U D S , and not em pirical m ethods for the integrated planning o f  schem es.
Previous research, how ever, has not inform ed developm ent o f  the m ethod to 
determ ine the overlap o f  green space planning and water m anagem ent planning. 
Perception surveys conducted by A posto lak i (2007) sh ow ed  the recreational 
im portance peop le attach towards S U D S  and w atercourses in  the U K  and G reece, 
although these factors w ere not considered in  the initial p lanning and d esign  o f  SU D S . 
E vangelisti (2003) has designed storm w ater m anagem ent features in vo lv in g  m ultip le  
u se facilities, the w ork w as based on  individual site considerations and d oes not 
describe em pirical considerations in  planning and design.
Dunnett, Sw anw ick, and W oolley  (2002) describe the recreational aspects o f  green  
space planning, w hich  is based on  ex ten sive  research carried out in  green spaces in  
various locations o f  the U K . Com paring and interpreting the w orks o f  all these  
authors led  to the developm ent o f  planning parameters for the integrated planning o f  
storm -water and green spaces as part o f  this research.
There is a need for som e enhancem ent o f  the understanding o f  S U D S  in  the realm s o f  
green space planning. It is clear from section  2 .7  that S U D S  provide various benefits  
associated  w ith  urban green spaces. H ow ever, the w ork by various authors, such as 
A postolak i (2007), E m m erling-D iN ovo (2007), Jackson and B outle  (2008), 
E vangelisti (2003), are prelim inary and further work is  needed  to develop  a 
m echanism  for an integrated planning approach. The current approach to planning o f  
S U D S  suffers from lack o f  sufficient recreational and am enity planning aspects, as it 
is  focused  m ostly  on  hydraulic and water quality aspects. This m ay be due to the fact 
that the developm ent o f  S U D S itse lf  is  a n ew  phenom enon and is still rolling out, 
even  in  developed  countries.
2.8.2 Potential research area
The previous section  illustrated that there is a need  for further research as there is a 
gap in  know ledge for integrated green space and storm water planning. Therefore, as 
part o f  this research, a conceptual fram ework has been  be d eveloped  through w hich  




planning w ith green space planning. The integrated m eth od ology  includes assessm ent 
for w ater parameters, such as return periods, topography, flood  p lains and green space  
parameters, such as enhancem ent o f  access, recreation and am enities.
The gaps at institutional lev e ls  w ould  also  be addressed by  the proposed fram ework. 
The functions o f  environm ental planning, leisure planning and developm ental 
planning are carried out, according to tow n  and country p lanning leg islation , by  
various departments w ith in  the planning authority; and the road to sustainable 
planning often  has potential for conflicts (O w ens 1994). T his fram ew ork w ould  also  
identify the interactions betw een  these com peting forces to develop  an integrated  
approach to green space and storm water planning.
The value o f  green spaces is increasingly  b ein g  recognised  for providing ecosystem  
services. H ow ever, further studies have been  carried out as part o f  this research to  
understand and evaluate the types o f  serv ices offered b y  S U D S  esp ecia lly  w ith  
regards to recreational aspects. In effect, this research w ould  further strengthen the 
links betw een water planning and green space planning.
A nother gap in existing know ledge w as the lack o f  an integrated evaluation  too l 
w h ich  could  apply both to green space planning and water p lanning using a set o f  
indicators from  both d iscip lines. This kind o f  too l w ould  help  the planners and 
engineers to evaluate various integrated solutions and provide opportunities to  
m axim ise the benefits o f  both areas. T his to o l has been d eveloped  as part o f  this  
research and is d iscussed  in Chapter 4. This too l w ill be part o f  the integrated green  
space and water planning fram ework described in  Chapter 3.
2.9 CONCLUSIONS OF LITERATURE REVIEW
This section  presents the k ey  elem ents o f  the literature and ju stifications both for the 
study and the novelty  o f  approach.
•  Spatial planning is a com plex  area w hich  in volves balancing the requirem ents 
o f  various land uses such as residential, com m ercial, industrial, transportation  
and green space. T ow n and country planning leg islations and other regulations 
have evo lved  over the past decades to deal w ith  n ew  requirem ents o f  planning.
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A s a result o f  increasing urbanisation, flood ing  has b ecom e increasingly  
severe in recent years as d iscussed  in section  2.2 .
•  The F lood R isk  M anagem ent (Scotland) A ct 20 0 9  and the W ater and F lood  
M anagem ent A ct 2 0 1 0  have been  fram ed in Scotland and England  
respectively  w hich  have im proved the institutional fram ew ork to deal w ith  
flooding. S U D S  have been recom m ended w here practicable for n ew  
developm ents as part o f  this legislation .
•  The d iscussion  on  green spaces in  section  2 .6  sh ow ed  that they provided  
m ultiple-recreational and environm ental benefits such as aesthetics, p laces for 
sports, health, b iodiversity and ecosystem  services. A lthough  m any authors 
have noted the recreational benefits o f  S U D S , there w as a lack  o f  a fram ew ork  
w hich  could be useful in  the planning o f  their recreational aspects. S U D S  
provide m any sim ilar benefits as green spaces and th is research d evelop s a 
n ovel fram ework for integrating S U D S  d ev ices w ith  green space planning.
•  The water quality and quantity aspects o f  S U D S  have been  ex ten sively  studied  
and are part o f  the design  guidance as d iscussed  in  this chapter. The  
recreational benefits o f  S U D S have also been  acknow ledged  as d iscu ssed  in  
section  2.7. H ow ever, no evaluation to o l has been d eveloped  w hich  cou ld  be  
used to integrate the aspects o f  storm  w ater m anagem ent and recreational 
potential. A  novel tool w hich  uses both recreational and storm water  
m anagem ent indicators is  consequently valid.
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3 PROPOSED FRAMEWORK FOR INTEGRATED WATER AND OPEN 
SPACE PLANNING
3.1 INTRODUCTION
This chapter presents a conceptual fram ework for w ater sen sitive spatial p lanning in  
the U K . The proposed fram ework, outlined in  th is chapter, w ill help  d evelop  the  
processes o f  integrating green space planning and water planning. The fram ew ork  
evo lved  to address the gaps in current approaches to  integrated open  space and w ater 
planning identified  in Chapter 2 , as w e ll as from  the prelim inary study in  the east end  
o f  G lasgow  presented in Chapter 5. The m eth od ology  associated w ith  various stages 
o f  the fram ework is  presented in Chapter 4.
The overall fram ework, com prising six  stages, (described in section  3 .2 ) is  presented  
in  a log ica l order so that the interdisciplinary steps can be understood and applied  in  
an appropriate manner. The various steps in v o lv ed  in the fram ew ork are presented  
w ith  the help  o f  flo w  charts to v isually  link  them . The rationale behind the conceptual 
fram ework is  presented in  section  3.3.
3.2 FRAMEWORK FOR INTEGRATED GREEN SPACE AND WATER 
PLANNING
-The integrated m ethodology w as developed  by  com bining kn ow led ge from  both  
drainage and spatial planning sources and synthesising  a n ew  integrated m eth od o logy  
w ith  features o f  both. The sources o f  inform ation considered for this purpose included  
research, leg islation  and guidance on S U D S , flood in g , overall spatial planning, and 
green space planning. The rationale for the conceptual fram ew ork is d iscu ssed  in  
section  3.3.
This is a conceptual planning fram ework that can be applied at the prelim inary stage  
o f  the planning process. It com bines elem ents o f  drainage planning and spatial 
planning to develop  integrated water and open space plan. O nce a prelim inary  
integrated plan is developed, detailed design  o f  urban spaces can be carried out
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fo llo w in g  the principles o f  the individual d iscip lines. The scope o f  this fram ew ork  
ends w ith  the developm ent o f  the prelim inary integrated plan.
The overall fram ework con sists o f  six stages.
•  Stage 1. The study catchm ent is  selected  and then initial drainage and land use  
assessm ent is  carried out.
•  Stage 2. H ydraulic assessm ent o f  the catchm ent is  conducted  in Stage 2  to  
understand the flood in g  problem s at various locations.
•  Stage 3. O pen spaces and their potential for S U D S  are assessed  in  the 
catchm ent.
•  Stage 4. O ptions for S U D S  incorporating both storm water and recreational 
aspects are developed.
•  Stage 5. H ydraulic evaluation o f  S U D S  options.
•  Stage 6. The preferred option is selected , based on  the integrated evaluation  
process.
The overall fram ework (Figure 3-1) represents an innovative approach to integrating  
recreational planning w ith  storm water m anagem ent. In particular three stages: stage  
3, stage 4 and stage 6 are novel approaches adopted in this fram ework. A lthough, 
existing  approaches to planning S U D S  such as CIRIA (2000) and W oods-B allard  et 
al. (2007) do recom m end the importance o f  aesthetics and proper landscaping, they  
do not provide guidance on  integrating S U D S  w ith  the ex isting  green spaces. Stage 3 
o f  the proposed fram ew ork investigates p ossib ilities  o f  S U D S  w h ilst a lso  linking  
them  w ith the ex isting  green spaces. The recom m endations in  stage 4  for a detailed  
set o f  recreational indicators and attributes are also n ovel as ex isting  approaches 
addressed on ly  a lim ited  range o f  issu es such as aesthetic, safety, and vegetation . 
A lthough, the recreational indicators currently ex ist m ainly for the planning o f  green  
spaces, this research has interpreted th ese indicators for the am enity requirem ents o f  
SU D S . The im portance o f  these indicators for S U D S  w as then verified  u sing  a focu s  
group survey (d iscussed  in  chapter 4). Further, apart from  recreational criteria it a lso  
used existing storm water m anagem ent m ethods from  D E F R A  (2005) w hich  cou ld  be  
useful in  developing integrated SU D S options. Q uantitative scoring system  w as also
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developed  (in  stage 6) using survey results from  an expert focus group survey un like  
existing  approaches w hich  are m ainly qualitative in  nature.
Figure 3-1: Proposed framework for integrated green space and water planning 
(Note: B old  boundaries indicate novel approaches adopted)
B eing  an interdisciplinary framework, it requires both planners and engineers for 
proper im plem entation o f  the various stages, as sh ow n  in Figure 3-2. Stages 1, 3 , 4, 
and 6 need both engineers and planners as elem ents o f  both spatial and hydraulic  
planning are involved. For hydraulic assessm ent and m odelling  in  Stage 2 and Stage  
5, on ly  engineers are required and the results need to be com m unicated to the planners
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at a subsequent stage. The interaction o f  planners and engineers b etw een  the various 
stages, and w ith in  each stage, is  explained in detail in  the relevant section . Planners 
and engineers are associated  w ith  various other groups as they  receive inputs from  
various stakeholders such as housing associations, environm ental regulators, 
b usinesses and various other interest groups. Therefore this approach is  linked w ith  




STAGE 1: CATCHMENT LAND USE AND DRAINAGE ASSESSMENT
This stage identifies the flood ing  and planning issu es in  a study catchm ent. It has tw o  
com ponents- spatial planning and drainage planning. The spatial plan is inform ed b y  
L ocal or C ity Plan w hile  drainage planning is linked to Surface W ater M anagem ent 
Plan (SW M P). B oth  drainage and spatial p lanning inform ation is  co llected  and  
analysed to understand the potential o f  integrated planning in  an urban area. A  jo in t  
team  o f  engineers and planners is  needed to link  the planning and drainage analysis as 
described in  the steps below . A  flow chart for the steps involved  is provided in  Figure
3-3.
The various catchm ent related inform ation w as available from  the local authorities as 
they are required to develop  SW M Ps as part o f  the F lood  R isk  M anagem ent 
(Scotland) A ct 20 0 9  and F lood and w ater m anagem ent act 2 0 1 0  (O PSI 2009; O PSI 
2010). The selected  catchm ents also had green spaces, such as parks and am enity  
areas, for potential storm water m anagem ent use.
Step la  Demarcate catchment and sub-catchment boundaries
A  catchm ent w ith  a flood ing  problem  and a need  for drainage im provem ents w as  
identified  from  previous flood ing  records, w h ich  w as obtained from  loca l authorities. 
W ithin the catchm ent, the sub-catchm ents w ere demarcated using topographic and 
drainage netw ork data from  water utility. This step w ill m ain ly  in v o lv e  drainage  
engineers; how ever, planners m ay also be consu lted  to determ ine additional planning  
priorities.
Step lb Study catchment characteristics
O nce the catchm ent and sub-catchm ents have been identified , catchm ent 
characteristics w ere determined. This in vo lved  analysis o f  drainage netw orks, such as  
com bined sew er and separate sew ers and w atercourse drained areas using data w ith  
the water u tilities and local authorities. A dditionally, areas w ith  flood in g  are 
identified using flood  registers w ith L ocal A uthority as w e ll as records w ith  other 
agencies such as W ater U tilities, Environm ent A g en cy  (SE PA  in Scotland).
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Step lc: Study land use characteristics
The character o f  the area w as studied to understand the type and configuration o f  land  
use, planning objectives and flood ing issu es arising from  it. P lanning assessm ents  
w ere driven by considerations o f  the planning leg islation  on  a number o f  issues: 
sustainable developm ent, housing, econ om ic growth, recreation and flood in g , as 
review ed  in  Chapter 2. Integrated storm  water and green space planning requires 
identification o f  drainage patterns, w hich is carried out in  the next step.
Step Id: Drainage patterns in selected catchments
W ithin the catchm ent, in itially  som e sub-catchm ents w ere selected  for detailed  
planning o f  SU D S. I f  adequate flood  m itigation  is not ach ieved  (w ill be sh ow n  by  
com parative hydrographs in Stage 5) then m ore sub-catchm ents w ill need  to be 
selected  for additional S U D S . A n  increm ental approach is recom m ended so  that 
expenditure is curtailed as m uch as p ossib le. The detailed analyses o f  selected  sub­
catchm ents w ere helpful in  planning options for S U D S  in Stage 4. T hese sub­
catchm ents should be upstream o f  flood  locations and have green spaces for 
integrated storm water planning. Drainage issu es including runoff generation, 
discharge routes, C SO s, are considered in  detail for the sub-catchm ents selected .
Step le: Study detailed land use characteristics in selected sub-catchments
Land use characteristics for the selected  sub-catchm ents w ere then studied in  detail. 
The investigation  includes distribution o f  green spaces, configuration o f  d evelopm ent 
areas, areas for n ew  developm ents and regeneration areas. Planners from  local 
authorities provided this inform ation, w hich  w as then processed  to determ ine the 






-Drainage area plans 
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-Local areas plan 
-Action plans 
- Planning policies
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Step le: Study detailed land use 
characteristics in selected sub­
catchments
-Distribution o f  land use
- Type and configuration o f  
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- Regeneration, new  
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Figure 3-3: Flow diagram for Stage 1
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STAGE 2: HYDRAULIC EVALUATION AND FLOOD RISK ASSESSMENT
This stage w ould  inform  the SW M Ps to  be d eveloped  as required b y  the F lood  R isk  
M anagem ent (Scotland) A ct 20 0 9  and F lood  and W ater M anagem ent A ct 2 0 1 0  (O PSI • 
2009; OPSI 2 010). A ssessm en t o f  the risk o f  flood ing  w as carried out using a 
hydraulic m odel w h ich  contained the netw ork data o f  both the w atercourse and the 
sew er system . A  flow chart for the steps in vo lved  is  provided in  Figure 3-4 .
There w ere three steps in volved  in this stage.
Step 2a Develop integrated hydraulic model
A n  integrated m odel w as developed, com prising sewer, w atercourse and other 
drainage routes in  the study catchm ent. A  detailed m ethodology  for d evelopm en t o f  
sew er m odels is provided by the Sew er R ehabilitation M anual (W R c 2 0 0 1 ) and w as  
used for the purpose. The developm ent o f  the m odel required several types o f  data 
w hich  are detailed in chapter 4.
Step 2b Analyse flooding from extreme events
A n  assessm ent is needed by c iv il engineers through detailed analysis o f  flood in g  and 
its in fluence on current developm ents. Several extrem e even ts w ere analysed  to  
determ ine the causes o f  flood ing. The flood in g  generated at various sites in  the  
selected  subcatchm ents w as identified. Then the vulnerability o f  the flood in g  areas 
w ere analysed as described in step 2c.
Step 2c: Assess vulnerability of areas to sewer flooding as well as overland
flow
A ssessm en t o f  the vulnerability o f  the areas subjected to flood in g  w as assessed  based  
on the criteria o f  PPS 25 or SPP. PPS 25 c lassifies  developm ent into fiv e  categories:
•  Essential infrastructure. This includes transport infrastructure, pow er stations 
and water treatment works
•  H ighly  vulnerable. This category includes p o lice  stations, am bulance stations, 
fire stations, com m and centres and telecom m unication  installations.
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•  M ore vulnerable. H ospitals, residential institutions ( e.g. Care hom es, socia l 
service hom es, prisons and hostels), d w ellings houses, student halls o f  
residences, drinking p laces, hotels, non  residential u ses o f  health  services, 
nurseries and educational establishm ents, and landfill sites are categorised  as 
more vulnerable.
•  L ess vulnerable. B uild ings used  for shops, financial, professional and other 
services, restaurant and cafes, land and build ings used  for agriculture, w aste  
treatment except landfills are classified  as le ss  vulnerable.
•  W ater com patible developm ents. T his includes flood  control infrastructure, 
water transm ission infrastructure, sew age transm ission  infrastructure, pum ping  
stations, sand and gravel w orkings, docks, marinas and w harves, navigation  
facilities, water based recreation, lifeguard and coastguard stations, am enity  
option space, nature conservation and biodiversity, outdoor sports and 
recreation.
T hese five  categories w ere used  to assess the vulnerability o f  various locations in the 
study catchm ents.
Figure 3-4: Flow diagram for Stage 2
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STAGE 3: GREEN SPACE ASSESSMENT
Planning p o licy  statem ent 8 (PPS 8) associated  w ith  open space, sport and outdoor 
recreation is the m ain driver for this stage. It further links green spaces w ith  potential 
for S U D S .
The quantity and distribution o f  various types o f  green spaces w ere identified  for 
location  o f  S U D S at this stage. A  flow chart for the steps in vo lved  is provided in  
Figure 3-4.
Step 3a: Categorise green spaces
Initially, open spaces and their various categories w ere identified  in  the catchm ent in  
the developm ent o f  a green space plan. Dunnett et al. (2002) describes the various 
categories o f  open  spaces (Table 2-1), w hich  w as used for categorisation  o f  open  
spaces in the study areas. During later stages o f  the fram ework, these open  spaces  
w ere further investigated for their potential for integration o f  storm water  
m anagem ent features such as pond and basins. C ategorisation is necessary as not all 
types o f  green space w ill be suitable for S U D S  im plem entation.
Step 3b: Analyse green space distribution in detail
A  detailed analysis o f  green space distribution w as carried out w ith in  selected  
subcatchm ents. This investigation  included the determ ination o f  the proportion and  
quantity o f  various green space categories. K n ow led ge o f  distribution o f  green spaces  
as w e ll as site topography assisted  in determ ining appropriate sites for S U D S  in  Step  
3c.
Step 3c Evaluate green space distribution in relation to water management 
potential
Green space distribution in the selected  sub-catchm ents w as evaluated for the 
potential for S U D S planning. This step in vo lved  determ ining w hether the locations  
and quantity o f  green spaces w ere adequate for planning o f  S U D S . A lthough  detailed  
planning o f  S U D S options w ere carried out in Stage 4, th is step on ly  qualitatively  
evaluates the potential o f  green spaces to deliver the dual use o f  water m anagem ent 
and am enity provisioning.
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Figure 3-5: Flow diagram for Stage 3
STAGE 4: PLANNING INTEGRATED SUSTAINABLE DRAINAGE
OPTIONS
Integrating the green space planning aspects o f  PPS8 w ith  flood  m anagem ent 
requirements o f  PPS 25 or SPP w as the m ain driver o f  this stage. This stage consists  
o f  tw o steps associated w ith  the planning o f  tw o S U D S aspects - storm -water 
m anagem ent and recreation. A  flow chart for the steps in volved  is provided in  Figure
3-6.
Step 4a Planning SUDS options - Storm water aspects
B ased  on the various com binations o f  contributing areas and types o f  S U D S  in a 
subcatchm ent, a num ber o f  SU D S options w ere proposed. V arious storm water 
indicators w hich  w ere considered for planning S U D S  are presented in  section  4 .2 . The  
integrated hydraulic m odel developed in  Stage 2 w as used  to assess potential sites for 
attenuation based on  the principles from sew er the rehabilitation m anual (W R c 2 0 0 1 )  
and code o f  m odelling (W A P U G  2002). S U D S  volum es and areas w ere determ ined  
based on the m ethodology presented in  D E F R A  (2005). The storm  water indicators 
(described in section  4 .4 ) w ere varied to arrive at different options as d iscussed  in  
section  4 .7 .
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Step 4b Planning SUDS options -Recreational aspects
Recreational aspects o f  the S U D S  sites w ere identified , using location  factors and the 
type o f  S U D S option envisaged. The inform ation co llected  in Stage 3 is  u sefu l in  
analysing recreational opportunities associated  w ith  S U D S  options. V arious 
recreational indicators related to SU D S are defined  in  section  4 .3  and w ere used  to






Figure 3-6: Flow diagram for Stage 4
STAGE 5: HYDRAULIC EVALUATION OF SUDS OPTIONS
This stage dem onstrates the m itigation o f  flood in g  w hich  cou ld  inform s the SW M Ps  
developed  by L ocal A uthorities as part o f  the F lood  and W ater M anagem ent A ct  
2010 . The m odelling approach has been inform ed by guidance from  W A P U G  (2 0 0 2 )  
and D E FR A  (2005).
The S U D S options identified in stage 4  w ere evaluated to assess flood  m anagem ent in  
the study catchm ent. The m ethod described here w ill be used  for prelim inary  
evaluation o f  S U D S and includes determ ination o f  contributing areas, S U D S  vo lu m es, 
approxim ate S U D S locations, in flow  and o u tflow  conditions. A  m ore detailed
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analysis com prising detailed layout o f  S U D S  and p ipes o f  the schem es and costin g  is 
recom m ended w hen  the final option is selected  and detailed p lan is b ein g  d eveloped  
after a detailed feasib ility  study but is  outside the scope o f  this research. The detailed  
feasib ility  study for any option  w ould  also have to take into account the utility  
drawings, traffic m anagem ent, locations o f  architectural buildings in  v ic in ity , CCTV  
reports o f  ex isting  sew er network, and detailed survey o f  the sew er netw ork in the 
catchm ent. The steps involved  in  Stage 5 are presented in Figure 3-7.
Step 5a Model modifications to represent SUDS options
The areas for developm ent o f  SU D S w ere identified  from Stage 4. The areas w ere  
m apped into the m odel (used in stage 2 ) using editing tools. In order to represent the 
effect o f  SU D S , storage w as added to the im perm eable areas in the m odel and the 
storm water generated from contributing areas disconnected  from  the com bined  
system .
Step 5b Running simulations
The m odified  m odel w as run against several d esign  storms o f  10, 30 and 2 0 0  yr return 
periods. The critical duration return period w as established after exam in ing  the 
flood ing  from  various events o f  return periods o f  15 m in, 30 m in, 1 hr, 2  hr, 3 hr, 6 hr 
and 12 hrs. R u n off co -effic ien t were used  based on existing so il type and U C W I w as  
assigned using the FEH data. Sim ulations w ere run w ith  a 60 sec tim e-step  and flo w  
hydrographs w ere determ ined for the critical events for each S U D S  option.
Step 5c Comparison of peak flows of existing and SUDS scenarios
Drainage capacities o f  sew ers from  selected  sub-catchm ents w ere studied to analyse  
flo w  and velocity . The n ew  capacity, after installation o f  S U D S , w as com pared w ith  
the previous capacity to determ ine their effects. A dditional capacity release in the 
sew ers also helped to understand the potential o f  future developm ents.
Com parative hydrographs from  various S U D S  options w ere d eveloped  using  the 
results o f  sim ulations. This tested their e ffectiven ess and w as also usefu l to confirm  
the storm water scores (refer to section 4.4) o f  the integrated evaluation  too l as 
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STAGE 6: INTEGRATED EVALUATION OF SUDS OPTIONS
This stage com prises tw o  steps: evaluating integrated options and selecting  the final 
option as described below . This stage integrates the drivers o f  storm water p lanning  
such as PPS 25 w ith  recreational planning such as PPS 8. The steps in volved  in Stage  
6 are presented in Figure 3-8.
Step 6a Scoring of SUDS options
A n  evaluation o f  the integrated options is carried out using the integrated evaluation  
tool developed  in chapter 4. This too l contains both storm w ater and recreational 
indicators w ith  a sim ple scoring system  (1 -3 ) and w eightings (section  4 .5 ) for the 
various indicators. The too l is  useful in  com paring total scores accounting for both  
recreational and storm water aspects associated  w ith  SU D S planning.
The tool w as developed  after review ing ex isting  k now ledge associated  w ith  green  
space and S U D S planning. The objective o f  the too l was to d evelop  an integrated  
assessm ent m ethod for holistic planning o f  S U D S  options as it w as concluded  in  
chapter 2 that there w as a lack o f  such a tool.
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Step 6b Final proposed SUDS schemes
From com parison o f  various options in  Step 6a, a preferred option  is selected . The 
preferred option is then analysed and d iscussed  am ong stakeholders such as 
developers, local authority, and water utility, Environm ent A g en cy  /  Scottish  
Environm ent Protection A gen cy . I f  agreem ent can be reached, the preferred option  is 
recom m ended for im plem entation, otherw ise the next feasib le  option is
recom m ended.
Figure 3-8: Flow diagram for Stage 6
3.3 RATIONALE OF THE FRAMEWORK
The research m ethod adopted for this research w as utilising a case study to answer the 
research questions and w hich  seeks a range o f  different kinds o f  ev idence that is  
present in the case study setting (G illham , 2 000). A s this research required  
understanding o f  open space and water planning in the natural setting o f  a catchm ent, 
a case study w as perceived as an ideal m ethod to pursue the research. The procedures 
related to various stages in the fram ework and their rationale is presented b elow .
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STAGE 1: CATCHMENT LAND USE ASSESSMENT
The purpose o f  th is stage w as to link the planning drivers o f  leg islation  such as the 
T ow n and Country Planning A ct (2007); Scotland Planning A ct etc (2 0 0 8 ) w ith  flo o d  
m anagem ent leg isla tion s such as Flood and W ater M anagem ent A ct 2 0 1 0  and F lood  
R isk  M anagem ent A ct Scotland (2009). K n ow led ge o f  ex isting  drainage patterns and 
spatial plans provided inform ation to d evelop  integrated understanding o f  the issu es in  
a catchm ent.
In stage 1, both spatial planning and drainage planning w as considered to enable  
understanding o f  relevant constraints and opportunities at the catchm ent scale. 
Catchm ent-based spatial planning w as essen tia l as the flood in g  is  linked to  
developm ent p lanning and a m ore h olistic  p lanning approach could  reduce flo o d in g  
(Johnson, P enn ing-R ow sell, and Tapsell, 2 007). Identification o f  the type o f  drainage 
system  present and areas o f  flooding facilitated  analysis o f  the m od ellin g  o f  the  
catchm ent in  stage 2. A dditionally , understanding the distribution o f  developm ent and  
green spaces w as helpfu l for the identification o f  areas o f  recreation and S U D S  in  
stages 3 and 4  respectively , w h ich  aid the developm ent o f  integrated water and green  
space plans in stage 6.
STAGE 2: HYDRAULIC EVALUATION AND FLOOD RISK ASSESSMENT
Flood m anagem ent p o lic ies such as PPS 25 and SPP were the driver for stage 2. PPS  
25 brings a risk based fram ework for planning o f  flood  m anagem ent. The p o licy  
envisages a source- pathway and receptor m od el for developm ent planning in  flo o d  
prone areas. D evelop m en t o f  an integrated hydraulic m odel provided the to o l for  
assessm ent for the source-pathway receptor m odel. The hydraulic m od el w ou ld  also  
inform the developm ent o f  SW M Ps by the local authorities w h ich  is a requirem ent o f  
U K  flood ing  leg islation s such as Water and F lood  M anagem ent A ct (2 0 1 0 ) and F lood  
R isk M anagem ent Scotland A ct 2 0 0 9 . The m ethod o f  m od el assessm ent and  
verification w as based on  the process recom m ended in the Sew er R ehabilitation  
M anual (W R c, 20 0 1 ) and m odelling gu idelines from  W A P U G  (2002).
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STAGE 3: GREEN SPACE ASSESSMENT
Quantitative assessm ent w as needed to assess the distribution o f  recreation and 
am enity functions w ith in  urbanised areas. Studies carried out by  several authors, such  
as A postolaki (2007), G uillette (2010) E vangelisti (2003), indicated that S U D S  
features can enhance opportunities for recreational and am enity w hilst m itigating  
flooding. It w as, therefore, argued that assessm ent o f  current recreational and am enity  
distribution w ill provide baseline conditions prior to im provem ent in green space  
facilities as a result o f  the potential adoption o f  S U D S  approach. A nalysis o f  green  
spaces is carried out for sub-catchm ents using the typ o logy  defined  by D unnett et al.
(2002), i.e. parks, inform al recreational areas, playgrounds, incidental am enity areas, 
and semi-natural green spaces. Other green spaces, such as allotm ents and burial 
grounds, are not considered as they are not as com m on as aforem entioned green  
spaces. Green space standards require greater frequency o f  form al and inform al green  
spaces in com parison to functional spaces such as allotm ents and burial grounds 
(Natural England 2010b). A dditionally , it w as considered after d iscu ssion s w ith  loca l 
authority o ffic ia ls that use o f  private green and other functional spaces could  face  
resistance from  users.
The assessm ent at this stage conform ed to the requirements o f  PPS 17 and N P P G  17. 
T hese p o lic ies sp ecify  that loca l authorities m ust m aintain h igh  quality w ell m anaged  
open spaces, sports and recreational facilities to help  create an urban environm ent that 
is attractive, clean and safe. W ater features such as rivers, stream s and ponds are also  
covered in these p olic ies. A lthough  there is  no exp lic it m ention o f  S U D S  the aesthetic  
planning o f  SU D S as envisaged  in this research w ou ld  prom ote the aspirations o f  PPS  
17 and N PPG  17.
STAGE 4: PLANNING INTEGRATED SUSTAINABLE DRAINAGE
OPTIONS
Indicators can be useful to represent k ey  inform ation about a subject area in order to  
evaluate perform ance (D ale and B eyeler 2001). A  set o f  indicators (show n in  Table
3-1) both recreational and storm water w ere identified after analysing w orks o f  
various researchers. The indicators w ere used to integrate som e o f  the recreational 
aspects o f  PPS 17 and SPP w ith storm water m anagem ent requirem ents associated
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w ith P P S25 and SPP. The developm ent o f  integrated indicators is described in section
4.2
Table 3-1: Recreational indicators for potential SUDS options
Indicator Sources
1 Accessibility Kwana and Weberb (2008)
2 Water Visibility Dunnett, Swanwick, and Woolley (2002)
3 Aesthetics Giles-Corti et al. (2005); Smardon (1988)
4 Passive Security Newman (1996); Francis (2003)
5 Multi-use Lee and Li (2009)
6 Safety Apostolaki (2007); CIRIA (2000)
7 Ownership Singh (2003)
8 Levels of attenuation CIRIA (2000)
9 Attenuation volume DEFRA (2005)
10 Long term storage DEFRA (2005); M illerick  (2005)
The S U D S  sites w ere assessed  in stage 4  using the assessm ents obtained from  first 
three stages o f  the m ethodology:
•  E xisting patterns o f  developm ent and drainage infrastructure in the subject 
catchm ent as w ell as flood ing records. T hey assisted in  identification  o f  the 
contributing areas for various S U D S  options.
•  F looding sites based on interpreting a verified  hydraulic m odel. The verified  
hydraulic m odel m ore c lo se ly  sim ulated the conditions o f  the ex istin g  
catchm ent flood ing and its u se helped to develop  effective  schem es for 
reducing the peak flow s in sew ers and w atercourses.
•  Green spaces as w e ll as topographical opportunities o f  integration. For 
exam ple, sites w hich  are lo w  ly ing  w ere good  candidates for p lanning o f  
SU D S.
A lthough sites are primarily chosen  based on hydraulic considerations, the 
understanding o f  open space configuration creates opportunities for harm onious  
integration.
D ifferent indicator attributes w ere associated  w ith  alternative S U D S  designs. For 
exam ple, i f  water v isib ility  (for am enity value) is an indicator then its presence or 
absence w ill be its attribute. Such indicators and attributes w ere useful for a ssessin g  
S U D S  schem es as previous research has show n. A ccording to L ee and Li (2 0 0 9 ) a 
pond generates greater aesthetic appeal than a detention basin due to the am enity  
value associated w ith  the presence o f  water, but w ill a lso have higher perceived  safety
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risk due to risk o f  drow ning (A postolaki 2 007). The im pact o f  variations in  the 
attributes o f  all indicators w as assessed  in  Stage 6 after the assessm ent o f  hydraulic  
im pact o f  each option.
STAGE 5: HYDRAULIC EVALUATION OF SUDS OPTIONS
A n  evaluation o f  flood  m itigation  proposed through the various options generated in  
the previous stage w as the m ain aim o f  stage 5. This w as carried out by m aking  
changes in the hydraulic m odel developed in stage 2. The theoretical basis for 
representing attenuation generated by S U D S  has been described by  research  
conducted by  D E F R A  (2005).
F lood  related instruments such as F lood  and W ater M anagem ent A ct (2010) and 
F lood  R isk  M anagem ent (Scotland) A ct (2 0 0 9 ) are the m ain leg isla tive  drivers 
associated w ith  this stage. Evaluation o f  the SU D S options can inform  the 
developm ent o f  storm water m anagem ent plans b y  local authorities.
STAGE 6: INTEGRATED EVALUATION OF SUDS OPTIONS
The integrated evaluation too l proposed in stage 6 and further d iscussed  in chapter 4  
w as used  for evaluation o f  SU D S options. P reviously, m ulti-criteria evaluation  
system s have been used  for assessing diverse requirem ents o f  spatial planning. T oo ls  
developed  for assessing  water sensitive urban d esign  (a  type o f  approach to S U D S )  
used three types o f  indicators: environm ental, engagem ent and financial (Urrutiagaur 
et al. 2010; Martin et al. 2 007). H ow ever, th ose too ls did not use recreational 
indicators w hich  are also a major concern o f  green space planning. The to o l proposed  
as part o f  this fram ework utilised  recreational and storm water m anagem ent indicators 
as d iscussed  in chapter 4. Thus, the benefit o f  u sing  this too l is that it is at a m ore  
detailed level and could  be useful for inform ing decisions for other too ls  such as the 
ones by Urrutiagaur et al. (2010); Martin et al (2 0 0 7 ) w hich  target a higher lev e l 
planning.
A lthough, several studies exam ined the broader social acceptability o f  S U D S  
(A postolaki 2007; L ee and Li 2009) d evelopm ent o f  scoring o f  recreational indicators 
along w ith  storm water m anagem ent indicators associated w ith  S U D S  has not been  
investigated. C onsequently, the focus o f  stage 6 w as to use a scoring system
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developed  as part o f  this research to evaluate various recreational indicators identified  
in  stage 4. This w ould  bring m ore objectivity in the planning o f  recreational aspects o f  
S U D S  w hich  so  far has been largely subjective. V arious considerations associated  
w ith  the developm ent o f  the scoring system  w ill be d iscussed  in chapter 4.
This evaluation  tool w ould  be useful in assessm en t o f  the trade-off b etw een  am enity  
and storm  water m anagem ent and thus produce m ore holistic solutions than other 
storm water m anagem ent approaches (e.g . conventional solutions such as tank sew er, 
increase o f  sew er sizes  or laying additional sew ers) w here on ly  storm water aspects  
w ere considered.
3.4 DISCUSSION
The proposed conceptual framework has been  d eveloped  to address the gaps in  the 
existing  processes o f  planning urban drainage. It constitutes various aspects o f  spatial 
planning along w ith  storm  water planning and thus seeks to d evelop  a m ore ho listic  
approach.
A  research m ethodology associated w ith  im plem enting the fram ework is d iscu ssed  in  
chapter 4. The developm ent o f  an integrated evaluation  tool com prising both storm  
water and recreational indicators introduced in section  3 .2  is d iscussed  in  detail in  
sections 4 .2  through to section  4 .6 . A  focu s group com prising planners and engineers 
w as used  to provide w eightings to each indicator (section  4 .5 ). S om e stages d iscu ssed  
in  section  3.2 such as hydraulic evaluation have used  existing approaches such  as 
W R c (2001); W A P U G  (2002), how ever other stages (such as stage 1, stage 3, stage 4 
and stage 6) use a m ixture o f  existing and n ovel approaches. The basic princip les for  
im plem entation o f  such novel approaches in the fram ework are illustrated using a 
theoretical exam ple in section  4.7.
A  detailed evaluation o f  the potential o f  the fram ew ork w ill be done in chapter 1 after 





This chapter outlines the m ethodology o f  the fram ew ork adopted for the research. It 
includes developm ent o f  integrated indicators, m ethods for im plem enting various 
stages, the strategies for site selection, data co llectio n  and analysis. A n  instrum ent for  
evaluation o f  S U D S  schem es, using integrated indicators, is  also developed.
The developm ent o f  integrated indicators is d iscu ssed  in section  4 .2 . R ecreational 
indicators are d iscussed  in section  4.3, w h ile  storm  water indicators are described in  
section  4.4. In section  4 .5 , a m ethod o f  providing w eightings to the indicators se lected  
in section  4.3 and 4 .5 , are described. Section  4 .6  d iscusses a m ethod o f  scoring the 
indicators identified  in  previous sections.
The strategy for the application o f  the m ethodology , potential expectations and basic  
principles are described using theoretical exam ples in section  4.6 . Furthermore, other 
issues, such as assum ptions and lim itations o f  the research approach, are exam ined  in  
sections 4 .7  and 4 .8  respectively. Section  4 .9  presents the ethical issu es associated  
w ith this research. A  d iscussion  o f  testing the conceptual fram ework is presented in  
section  4 .10  w hich  exam ines practical application issu es in case study catchm ents. 
The m ethodology  d iscussed  in this chapter has been  applied to the tw o case studies 
described in Chapters 5 and 6.
4.2 DEVELOPMENT OF INDICATORS
This section  deals w ith  developm ent o f  indicators covering various aspects such as 
need for indicators, criteria for indicators and types o f  indicators selected .
Need for indicators
Indicators are useful to represent key inform ation about a subject area in order to 
evaluate perform ance (D ale and B eyeler 2 0 0 1 ). The indicators associated  w ith  
drainage planning m ay belong to different them es. T hey m ay be econ om ic (M essner
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and M eyer 2 0 0 6 ), socia l (A postolaki 2 007), eco lo g ica l (R obyn et al. 2 0 0 7 ), water 
quality (Aranda et al. 2006; Sanchez et al. 2 007). The them es have m any overlapping  
indicators as indicated by  several researchers. For exam ple, R obyn  et al. (2 0 0 7 ) states 
that som e eco log ica l indicators have socia l values as w ell. O verlapping  
developm ental and eco lo g ica l aspects have b een  studied by Paukert et al. (2 0 0 9 )  
w hich  indicates a causal relationship betw een  these tw o aspects. Through this 
research, recreational and quantitative aspects o f  storm water m anagem ent them es  
w ere studied to develop  a detailed understanding o f  the areas through identification  o f  
a set o f  indicators. H ow ever, recreational aspects w ill in vo lve som e eco log ica l aspects 
as w e ll due to the overlaps noted  earlier and cou ld  be a subject matter o f  another 
detailed research.
Criterion for selecting indicators
The indicators being selected  are to be used for prelim inary evaluation  o f  schem es. 
T hey should be:
•  E asily  identifiable,
•  M easurable,
•  Should not require detailed know ledge for the subject area.
•  Indicator assessm ent should  not be very tim e consum ing.
The above criteria w ere selected  as this m eth od ology  is to be used  for rapid screening  
o f  integrated options and final selection  o f  options based on  prelim inary but robust 
assessm ent.
Recreational Indicators
A m enity  aspects have been  described as an important part o f  the S U D S  approach  
(Urrutiagaur et al. 2010; M artin et al. 2007); how ever, there has been  no established  
m echanism  to study recreational aspects. A s sam e S U D S elem ents are also part o f  
green spaces, it is assum ed that their recreational value w ill be sim ilar to other green  
spaces w hich  do not serve the drainage function. For exam ple, a S U D S pond w ill 
have sim ilar recreational value associated w ith  a non  SU D S pond.
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The various recreational indicators are sum m arised in  Table 4-1 b elow . The listed  
indicators w ere selected  after considering the criteria for selection  for a num ber o f  
recreational indicators (see  section  4 -3). R ecreational aspects w ere studied and  
identified, based on  GIS base-m ap data, v isual assessm ent o f  the site and the type o f  
S U D S proposed.
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Table 4-1: Recreational parameters for potential SUDS options
Recreational indicators Attributes of indicators Sources
1 Accessibility Footpaths, biking trails, 
proximity to public 
transport
Kwana and Weberb 
(2000)
2 Water Visibility Open water quantity, dry 
area
Dunnett, Swanwick, and 
Woolley (2002)
3 Aesthetics maintenance o f grass and 
vegetation and cleanliness
Giles-Corti et at. (2005); 
Smardon (1988)
4 Passive Security Frontage to houses, 
schools, shops, roads
Newman (1996); Francis 
(2003)
5 Multi-use Walking, seating, picnic 
areas, biodiversity
Lee and Li (2009)
6 Safety Risk o f drowning Apostolaki, (2007); 
CIRIA (2000)
7 Ownership Public, institutional, 
private
Singh et al. (2003)
Storm water Indicators
Alternative designs for potential S U D S  consider a range o f  options based on  
quantitative variation o f  attenuation lev e ls  and volum es. T hese variations are created  
by changing the areas o f  contributing im perm eable surfaces to e ffec t changes in  
attenuation volum e, long  term storage v o lu m es and peak flow s. For exam ple, in  a 
catchm ent w ith  10 ha o f  im perm eable surface area, one SU D S option  can be d esign ed  
to use 5ha contributing area w hile  another option  can be designed  to u se all 10 ha o f  
the im perm eable surface area.
Return periods w as another indicator as e ffica cy  o f  flood  m anagem ent w ou ld  depend  
on the extent o f  attenuation o f  storms o f  higher return periods. A lternative scenarios  
w ith  different return period m itigation w ere considered to assess changes associated  
w ith  different return periods. For exam ple, 30  yr return period m itigation  w ould  
provide greater attenuation than lOyrs or 2 yrs. O utline scenarios for planning various  
storm water aspects (indicated in Table 4 -2 ) w ere carried out and m od elled  in stage 5. 
The boundary conditions for evaluating various storm water indicators are d iscussed  
in section  4.4.
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Table 4- 2: Quantitative storm water aspects for potential SUDS options
Storm-water management 
indicators
Attributes of indicators Sources
1. Levels of attenuation 2 yrs, lOyrs, 30yrs CIRIA (2000)
2. Attenuation volume Proportion of area 
attenuated
DEFRA (2005)
3 Long term storage Proportion of area 




Evaluation o f indicators
Several evaluation m ethods w ere exam ined. G reenspace Scotland  (2 0 0 8 ) u ses a 
scoring system  on  a scale o f  1 to 5 to assign  scores as an exam p le for guidance to  
develop consistent scoring. Gul et al. (2 0 0 6 ) d ivided  the indicators developed  a 
scoring system  w ith  scores from  1 to 3 as this sca le w as useful in  c lassification  o f  h is  
survey o f  indicators into three groups: least important, (1 ) to m ost important (3).
For the purpose o f  this research, a scale o f  3 w as considered to  b e appropriate as th is  
w ill reduce the uncertainty associated in  determ ining the value o f  a particular 
indicator. Recreational indicators are associated  w ith  values w h ich  are abstract, so a 
sm aller scale w ou ld  increase the confidence in the scores. Furthermore, it is  the first 
attempt at scoring o f  recreational indicators for S U D S , and there w as no past basis for  
com parisons.
Overall scores w ill be in the range o f  1 to 3, w ith  three being the highest. H ow ever, 
safety indicators should be assessed  w ith  negative scores o f  -1 to -3 , the h ighest being  
the m ost negative. The negative scoring for safety risk is due to its n egative  
perception am ong other indicators. In options w here more than one S U D S  storage  
sites are provided, best case recreational factors w ill be considered. For exam ple, i f  an  
option com prises a pond and a detention basin, then the h ighest score for aesthetics  
w ill be provided. H ow ever, the safety indicator w ill be scored for the w orst case  
scenario. O nce each indicator has been assigned  scores, w eigh tin gs w ill be assigned  to  
determine the overall score for each S U D S  option. B ased  on  the overall score, the  
highest scoring option  is selected  as the preferred option.
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4.3 RECREATIONAL INDICATORS FOR SUDS
Several spatial indicators relating to recreational aspects o f  p lanning w ere rev iew ed  to  
assess their applicability to the planning o f  S U D S . These indicators are generally  
associated  w ith  recreational and environm ental aspects o f  urban planning. This 
analysis is  presented below .
1. Accessibility.
K w ana and W eberb (2008) define a ccessib ility  as a m eans o f  m od ellin g  the 
p ossib ilities  and lim itations on the m ovem ents o f  an individual through space and 
tim e. This im plies that sites w ith  no access paths have lo w  accessib ility  w h ile  sites  
w ith  m ultiple access routes have higher accessib ility . V eh ic les facilitate access w here  
road netw ork ex ist (Lambert et ah 2 010). A s S U D S  are to be developed  for storm  
water m anagem ent and am enity purposes, routes for pedestrian and vehicular access  
is recom m ended and the fo llow in g  three w ou ld  appropriately reflect the p ossib ilities  
and lim itations o f  access to S U D S sites.
•  High: A ccess  through roads and footpaths
•  M edium : A ccessib ility  o f  sites w ill be through form al footpaths on ly
•  Low: Sites w ith  no access paths
2. Water visibility
W ater is considered an important ingredient o f  urban green space. P ublic perception  
surveys have show n that the presence o f  w ater is considered second  in  im portance for 
green spaces after vegetation  (Dunnett, Sw anw ick , and W o o lley  2 0 0 2 ). A posto lak i 
(2007) show ed that ponds w ere considered m ore attractive than basins, as ponds have  
a greater presence o f  water. Investigations by  E m m erling-D iN ovo (2 0 0 7 ) indicated a 
public preference for w et detention basins over dry ones, as they w ere considered to 
have higher aesthetic value, and that quantity o f  water could be used  as an indicator 
for recreation.
A ccording to CIRIA (2000), a perm anent p oo l o f  water is defined in term s o f  
treatment volum e (TV ), w hich  could be used  for classification  o f  the S U D S  schem es. 
The purpose o f  treatment volum e is to provide b io log ica l treatm ent to the storm water
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flow in g  into ponds. The treatment volum e in ponds could be used  to define to extent 
to water v isib ility  as fo llow s:
•  High: T his w ill include schem es such  as retention ponds and w etlands
•  M edium : T his w ill include ponds, w etlands, and w et basins.
•  Low: This includes m ost o f  the S U D S  types except ponds and w etlands.
3. Aesthetics
A ttractiveness is affected  by several aesthetic features o f  green spaces, such as the  
presence o f  trees, water (e.g . Ponds), birdlife, m aintenance (e .g ., irrigated law ns), 
size , and the availability  o f  am enities such as w alk ing paths (G iles-C orti et al. 2 0 0 5 ). 
The aesthetic appeal o f  vegetation  includes structure, form, fo liage patterns (Sm ardon
1988).
Research by A dam  et al. (1994) show ed that for aesthetic appeal, public preference  
for ponds w as higher than that for basins. S im ilarly, investigations by Em m erling- 
D iN o v o  (2007) indicated a higher preference for w et, rather than dry, basins, o w in g  to  
their aesthetic appeal. B ased  on these researches it is inferred that the typ es o f  
vegetation  and presence o f  water was considered for defin ing aesthetics for S U D S .
The structure o f  vegetation  and presence o f  w ater w ill be considered for evaluating  
aesthetics o f  S U D S schem es as they cou ld  be ea sily  identified at the planning stage. 
M aintenance and b iodiversity patterns are not identifiable at the initial planning stage  
and could on ly  be considered at the detailed d esign  stage. In accordance w ith  the  
selected  criteria, the S U D S w ill be d ivided  into three categories w ith  respect to  
aesthetics:
•  High: S U D S  device w ith  presence o f  water and a variety o f  vegetation , such  as 
trees, shrubs and ground vegetation
•  M edium : S U D S device w ithout water but w ith  a variety o f  vegetation, such  as 
trees, shrubs and ground vegetation




Crim e prevention through urban design  is an innovative approach to reducing crim e in  
cities. Clusters o f  hom es surrounding recreational facilities can provide a sen se o f  
p assive security (N ew m an 1996); therefore, planning o f  SU D S in proxim ity to h om es  
w ill im prove residents’ sense o f  security. Sense o f  security can also  be increased by  
design ing  m ore uses and activities for open  spaces, w hich  w ou ld  increase the num ber 
o f  peop le present in an area (Francis 2 0 0 3 ). There is a perception  o f  safety  risk i f  
green spaces are isolated  (L uym es and T am m inga 1995); therefore, scoring on p assive  
security is  based on  the presence o f  housing c lo se  to the SUD S:
•  High: S U D S  d ev ice  surrounded by housing on  all sides
•  M edium : S U D S d ev ice  w ith  housing  on  som e sides
•  Low: Isolated SU D S d evice
5. Multi-use
Integration o f  S U D S w ith  other overlapping urban functions is b ecom in g  increasingly  
popular. Investigations by L ee and Li (2 0 0 9 ) using the hedonic pricing m odel, show ed  
that neighbourhoods w ith  a m ulti-use detention basin  w ere m ore h igh ly  valued than  
those w ith  a single-use flood  control detention basin. Dry basins can be designed  to  
act as playgrounds or sports courts. The basins w ill be out o f  u se on ly  during periods  
o f  heavy rainfall and can be used for sports at other tim es (N ascim ento et al. 1999). 
The integration o f  sports pitches w ith  flood  m anagem ent has a lso  been  identified  by  
Perez-Sauvagnat et al, (1998). In addition to m ulti-purpose basins can also  be used  as 
m ulti-function facilities. Ponds offer a range o f  am enities, ranging from  pond dipping  
to fish ing, and also attract water fow l (G ledhill, Jam es, and D a v ies  2 005). Thus the 
number o f  uses or functions defines scoring o f  th is indicator as fo llow s:
•  High: M ultip le-use (Storage, vegetation , surrounded b y  p lay areas
and seating)
•  M edium: D ual use (Storage and V egetation)




A  perception o f  safety hazard is associated  w ith  som e o f  the S U D S . Ponds are 
deem ed to be safety hazards for children according to surveys by A postolak i (2 0 0 7 ). 
D epth o f  perm anent p oo ls o f  water can be used  as an indicator for safety hazards 
(CIRIA 2 0 0 0 ) and therefore m ost design  guidance recom m end gradual deepen ing  o f  
ponds. A s these sources suggest the im portance o f  depth, it w ill be used  as an 
indicator to assess the safety hazard associated  w ith  a S U D S option.
Three lev e ls  o f  risks are suggested  to be evaluated. D ry S U D S  such as detention  
basins and sw ales w ould  have no risk during m ost periods due to a lack o f  a 
permanent p oo l o f  water and hence w ill be in the lo w  risk category. The secon d  
category o f  m edium  risk w ill relate to S U D S  w ith  up to lm  depth. This is based  on  
Schw ebel et al. (2007) w ho suggest that m ost you n g children fee l safe in  depths o f  up 
to lm  o f  water. S U D S w ith  depth greater than lm  w ill be in the higher risk category  
due to greater risk o f  children drowning. This indicates i f  depths o f  water in  S U D S  are 
low er there is a higher perception o f  safety.
•  High: This includes the dry S U D S  types such as sw ales, detention basins.
•  M edium : This w ould  include ponds and w etlands w ith  depths up to lm .
•  Low: This w ould  include schem es such as retention ponds and w etlands w ith  
water depth m ore than 1 m.
7. Ownership o f land
Ownership o f  land is a relevant factor determ ining the potential for d evelopm en t o f  
SU D S. Previous studies by Singh (2003) show ed  that public green spaces are m ost 
favourable for SU D S , w hile  private green spaces are least favourable. Institutional 
areas are in betw een  public and private spaces in term s o f  favourability for planning  
o f  SU D S. R esearch by Stovin  et al (2007) a lso indicated that planning o f  S U D S  in  
private properties w ould  be logistically  m ore d ifficult.
•  High: Public ownership o f  land, such as parks , am enity areas
•  M edium : Institutional ow nership o f  land
•  Low: Private ownership o f  land, such as private gardens
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4.4 STORM-WATER MANAGEMENT INDICATORS
The selected  indicators are aim ed at evaluating the m itigation  o f  flood in g  downstream  
o f  a catchm ent or sub-catchm ent. Im pervious areas in built up catchm ents change the 
nature o f  pre-developm ent runoff, increasing its vo lum e, v e lo c ity  and peak flow , 
w hile  reducing interception and infiltration lo sses  leading to  dow nstream  flood in g  
(D E FR A  2005). The selected  indicators can be used at the in itial p lanning stage to  
provide attenuation o f  peak flow s.
1. Flood return period
Three types o f  attenuation m easures are defined by  CIRIA (2000): source control, site  
control and regional control. T hey are designed  to m itigate d ifferent levels  o f  rainfall 
probability. Source control is  designed to m anage ru n off up to 2 yrs return period. Site  
control S U D S are designed  to provide attenuation for rainfall return periods up to 10 
yrs w hile  regional controls are designed for a return period o f  up to 30 or 100 yrs 
(CIRIA 2000).
•  High: flood  m itigation  for up to 30 yrs or m ore
•  M edium: flood  m anagem ent up to 10 yrs
•  Low: F lood m anagem ent up to 2  yrs
2. Attenuation volume
The am ount o f  im pervious area also increases the am ount o f  ru noff generated due to 
its area o f  higher ru n off coefficien t. The greater the am ount o f  im perm eable area 
draining into a S U D S feature the m ore w ill be the attenuation generated in the 
catchm ent (D E FR A  2005). B ased  on this fact, m itigation  o f  the effects  o f  im pervious  
areas w ould  be m easured by the proportion o f  im pervious areas draining to the S U D S  
as fo llow s:
•  High: M ore than two-thirds o f  im perm eable area draining to S U D S
•  M edium: B etw een  one-third and tw o-thirds draining to S U D S
•  Low: L ess than one-third draining to SU D S
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3. Long term volume
L ong term  storage volum e (LTV ) refers to storm water drained by infiltration or at 
f lo w  rates le ss  than 2 litres/s/ha. It aim s sp ecifica lly  to address the additional ru n off  
caused by  d evelopm ent and reduces the risk o f  flood in g  resulting from  extrem e events  
(D E FR A  2 0 0 5 ). L oss o f  infiltration caused by  developm ent o f  im perm eable surfaces 
results in  higher ru n off (A kan and H oughtalen 2 0 0 3 ). LTV is required to bring parity 
betw een  pre-and p ost developm ent vo lum es (M illerick  2005). A s lon g  term  storage is  
directly proportional to the im perm eable area (D E FR A  2 0 0 5 ), the am ount o f  
im perm eable area w as being used for evaluation  o f  this indicator as fo llow s:
•  High: M ore than two-thirds o f  im perm eable area draining to  LT V
•  M edium : B etw een  one-third and tw o-thirds im perm eable area draining to LT V
•  Low: L ess than one-third im perm eable area draining to LTV
4.5 DEVELOPING AN INTEGRATED EVALUATION SYSTEM FOR 
SUDS OPTIONS
Stage 6 o f  the proposed framework in Chapter 3 required d evelopm ent o f  an 
evaluation system . It w as conceived  that there w ould  be a scoring system  for the 
indicators w hich  w ould  u tilise attribute points. H ow ever, the im portance o f  indicators 
proposed for S U D S  needed to be determ ined and a focus group w as proposed for this  
purpose. The group w as also be useful to validate the indicators proposed as part o f  
the instrumentation.
Focus group
A  focus group w as set up to validate the se lection  o f  indicators and assess the 
im portance o f  indicators identified in section  4 .2  and 4.3. The objective o f  the survey  
w as the fo llow ing:
•  To provide quantitative w eightings to reflect the im portance o f  the indicators
•  To provide relative w eightings for the tw o  them es o f  planning for storm  water  
m anagem ent and recreation associated w ith  SU D S




The group com prised o f  professionals o f  d iverse d iscip lines such  as urban planning, 
engineering, law  m aking, and environm ental p lanning and had both practitioners and  
academ ics. This d iversity o f  the group ensured that the op in ion  obtained w as lik e ly  to 
be m ore objective than the group having m em bers o f  on ly  one d iscip line. The 
m em bers belonged  to several regions including Scotland, England and the 
N etherlands w h ich  w ou ld  m ake the results o f  the survey m ore w id e ly  applicable.
A  presentation w as g iven  to the focus group about the aim s and objectives o f  the 
research project. The participants were also inform ed about the various indicators 
selected  as part o f  the research and their potential benefits in  delivering the objectives  
o f  the research. M ost participants from an engineering background w anted to k n ow  
and understand m ore about the recreational aspects o f  S U D S w h ile  participants from  
non-engineering backgrounds wanted to understand about the engineering aspects. 
The queries raised by the participants about the research w ere reso lved  and  
questionnaires w ith  three questions were distributed.
The questionnaire (show n  in A ppendix A l )  deals w ith  the first tw o objectives listed  
above w hile personal interview s were conducted to ach ieve the third objective i.e. to 
understand the reasons behind the ch o ices o f  the participants. The first question  
enquired about the im portance they w ould  assign  to the tw o  them es o f  storm water 
m anagem ent and recreational opportunities offered  by SU D S. The participants w ere  
required to score the perceived  im portance on a sca le o f  ten (1 to 10) for each o f  the 
tw o them es. The second  and third questions w ere designed  to gain  an understanding  
o f  the perceived im portance for recreational and storm  water m anagem ent indicators 
respectively. The participants were required w ere required to  score the perceived  
im portance on a sca le o f  ten (1 to 10) for each o f  the indicators. The responses o f  the 
participants w ere converted into a scale o f  0.1 to 1.0 for con ven ience and w ill be used  
in  this section.
Questionnaires w ere issued  to 20 people w ho w ere part o f  the focu s group. H ow ever, 
only 17 people returned the filled  out questionnaire and three participants out o f  the 
seventeen failed to provide the w eightings for storm  water indicators.
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The results o f  the survey for the first question  show ed  that 5 participants provided  
equal w eightings to both recreational and storm  water m anagem ent indicators. The 
average score o f  each them e w as c lose  to 0 .75  is show n in Table 4-3 . R ecreational 
scores provided by the participants show ed that m ore than 40%  o f  the group provided  
a m axim um  score o f  1 to safety (Refer to Table 4 -4). Another 23%  provided a score 
o f  0 .8  and 0 .9  to safety w hile on ly  17 percent o f  the participants gave a score o f  less  
than 0 .5 . A esthetics and m ulti-purpose w ere other indicators w h ich  received  higher 
scores than the rem aining recreational indicators. The recreational aspects w ere  
generally  w e ll appreciated by all engineers except one w ho provided lo w  scores in  
com parisons to the storm water m anagem ent aspects.
W eightings for the storm water m anagem ent indicators w ere also  provided by  the 
participants. M axim um  w eightings w ere assigned  to flood  return period indicator 
w hich  4  participants gave a score o f  1.0. The other tw o indicators a lso  received  a 
score higher than 0.5 as show n in Table 4-5 .
Individual interview s w ith  survey participants w ere conducted to understand their 
perceptions about the indicator scores they provided and their v iew s w ere sim ilar to  
the scores provided. The general consensus w as that both storm w ater m anagem ent 
and recreational aspects o f  S U D S are equally  important. Safety and m ulti-use w ere  
perceived  as the m ost important recreational indicators, but the potential role o f  other 
indicators w as also appreciated. H ow ever, the planners said that safety b ecom es an 
important political issue and should therefore be g iven  a higher w eighting .
Obtaining normalised weightings for the indicators
N orm alised  w eightings for recreation and storm  water m anagem ent indicators w ere  
obtained using the survey results o f  the three questions and have been  d iscu ssed  in  
this section . The w eightings assigned to the tw o them es o f  recreation and storm water 
m anagem ent associated w ith SU D S (Q uestion  1 o f  the survey questionnaire) are 
show n in Table 4-3 . A verage obtained for each  o f  the them es (Last row  o f  table 1) 




Table 4- 3: Weightings for the two themes of Recreation and storm water management
Participant 




















2 A = 1 7 Y Tr =12.65 Y  Ts =12.95
Average J ^ T r / ^ N  =0-74 Y j Ts / Y j N  =0.76
The w eightings assigned  to proposed recreational indicators (Table 4 -4 ) and the tw o  
them es (Table 4 -3 ) w ere used to determ ine norm alised recreational scores using  
equation 4.1 . The required average indicator w eigh tin g  for each indicator is  show n in  
the second last row  o f  Table 4-4  w hile the norm alised w eigh tin gs for each  
recreational indicator are show n in the last row  o f  the table. A s
W eightings assigned  to proposed recreational indicators (Table 4 -4 ) storm water 
m anagem ent indicators (Table 4 -5 ) and the tw o them es (Table 4 -3 ) w ere used  to  
determine norm alised w eightings for storm water m anagem ent indicators using  
equation 4 .2 . A s the total w eighting o f  the storm water m anagem ent them e w as  
approxim ately equal to the total w eighting provided to recreational them e (second  last 
row  o f  Table 1), the total norm alised w eigh tin g  for the all storm  water indicators 
should be equal to the total norm alised w eigh tin g  for all recreational indicators i.e. 
J^Wnr = Y  Wns.
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1 0.8 1 0.9 0.6 0.6 1 0.4
2 0.8 0.9 0.7 0,6 1 0.6 0.6
3 0.5 0.7 0.6 0.5 0.8 0.7 0.6
4 0.8 0.8 0.7 0.3 0.7 1 0.6
5 0.5 0.7 0.7 0.6 0.7 0.9 0.7
6 0.8 0.8 0.7 0.8 0.8 0.9 0.8
7 0.6 0.6 0.8 0.9 0.9 0.9 0.7
8 0.7 0.5 0.7 0.8 0.7 0.5 0.8
9 0.5 0.7 0.7 0.6 0.8 1 0.5
10 0.7 1 1 0.4 0.8 0.4 1
11 0.6 0.8 0.8 0.7 0.8 1 0.8
12 0.7 0.8 0.8 0.8 0.9 1 0.8
13 0.8 0.3 0.8 1 0.8 0.3 0.9
14 0.6 0.4 0.7 0.8 0.8 0.8 1
15 0.9 0.6 0.6 0.8 0.9 1 0.4
16 0.1 0.1 0.8 0.1 0.2 1 0.1
17 0.5 0.75 0.5 0.3 0.8 0.1 0.7
Total, y W r 10.9 11.45 12.5 10.6 13 13.1 11.4
Avg,
Y W r  
W r i = ^ —
H N 0.6 0.7 0.7 0.6 0.8 0.8 0.7
Normalised Wnr 0.6 0.7 0.7 0.6 0.8 0.8 0.7
Wnr Wri* 2 >
2 >
Eq. 4.1
W here, Wnr is the norm alised recreational w eighting
A s there are on ly  three proposed storm water m anagem ent indicators in com parison to
7 recreational indicator a factor o f
£W ri
- has been  m ultiplied w ith  Wsi
YTr
SO
YWsi Y J S
that an equivalent value for each storm water m anagem ent indicator w as obtained. 
The required w eightings for norm alised storm  water m anagem ent indicators thus 
obtained are show n in the last row  o f  T able 4-5 .
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Long term  
storage
1 1 0.8 0.6
2 - - -
3 0.7 0.6 0.7
4 - - -
5 0.8 0.7 0.5
6 - - -
7 0.8 0.7 0.8
8 0.6 0.6 0.9
9 0.8 0.8 0.7
10 0.8 1 0.8
11 1 0.9 0.8
12 1 0.7 1
13 1 0.3 0.6
14 0.8 0.7 0.8
15 0.6 0.7 0.9
16 0.8 0.5 0.5
17 0.7 0.8 0.4
Total, 







Wns 1.7 1.6 1.6
N ote: B lank spaces indicate no response from  som e focus group m em bers  
N orm alised  score is calculated using the fo llo w in g  formula:
Wns = YWri
2 Wsi
*  Wsi * 2 >
2 >
Eq. 4 .2
W here, W ns is the norm alised storm water w eighting
The norm alised w eightings for indicators associated  w ith  both them es o f  recreation  
and storm water m anagem ent have been  sum m arised in  Table 4-6 . T hese norm alised  
w eightings, in addition to attribute points as d iscussed  in the next section , w ere used  
to determ ine scores o f  indicators associated w ith  potential S U D S  options.
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Table 4- 6: Normalised weighting of each indicator
Theme Indicators Normalised W eightings,
Wnr Wns
(1) (2) ___________(3)___________
Recreational Indicators Access 0.6






Storm water indicators Flood return period 1.7
Attenuation volume 1.6
Long term storage 1.6
Scoring of indicators
The indicator scores for various SU D S options w ere obtained based on  attribute 
points as w ell as the w eightings associated  w ith  individual indicators. Attribute points  
w ere based on ly  on the classification  o f  attribute and w ere denoted as Ap. T hey (A p) 
w ere in the range o f  1 to 3 w here 1 corresponded w ith  lo w  lev e l attributes and 3 w ere  
associated  w ith  h igh lev e l attributes. The w eigh tin gs show n in  Table 4  w ere also  used  
for scoring o f  indicators. The scores for recreational (Sr) and storm  water 
m anagem ent (S s) indicators w ere calculated using equations 4.3 and 4 .4  respectively  
as show n below .
Sr = Wnr * Ap .......... Eq. 4.3
W here,
Sr is  the recreational indicator score
Wnr is norm alised w eighting for recreational indicators
Ap is  the attribute point
Ss = Wns * Ap .......... Eq. 4 .4  .
W here,
Ss is  storm water m anagem ent score
Wns is norm alised w eighting for storm water indicators
Ap is the attribute point
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4.6 METHODOLOGY FOR APPLICATION OF THE FRAMEWORK
This section  describes the procedure for u sing  the fram ework. The first section  
presents the generic m ethodology  and describes the data requirem ents and analysis  
associated  w ith  various stages in the fram ework. The second  subsection  describes the 
basic principles o f  the m ethodology using an illustrative exam ple. The third 
subsection  presents a critical appraisal o f  the m ethodology
The methodology
This section  describes h o w  the conceptual fram ew ork developed  in chapter 3 and the 
integrated evaluation tool developed in  this chapter w as used in a study catchm ent. It 
outlines the procedures and processes in vo lved  at the various stages and references  
have been  m ade to illustrative exam ples in this chapter as w e ll as to the case study  
exam ple in  Chapter 5.
Stage 1
H istorical flood in g  locations in the sub-catchm ent from  records w ith  the local 
authority or drainage utility w ere determ ined. Then, land u se characteristics u sin g  the 
GIS base-m ap w ere studied. This in vo lved  dem arcating areas o f  residential, 
com m ercial, open  spaces, road netw orks, institutional areas and any other categories  
w hich  m ay ex ist in  the catchment.
Land use w as c lassified  into various categories such as residential, institutional, 
com m ercial and other purposes, to define the link  betw een  green spaces w ith  respect 
to those functional spaces. For exam ple, a green space at a school cou ld  have the 
useful function o f  becom ing a play area and used  by children for other active  
recreation. Further, green spaces near residential areas could  have a variety o f  u ses for  
young and old  alike. A n  assessm ent o f  such details helped in understanding the 
opportunities associated w ith each sub-catchm ent land use. A  detailed analysis o f  
green spaces and potential user groups is undertaken in Stage 3. E xam ples o f  land use  
plans associated  w ith the first case study site are show n in A ppendix B l .
A nalyses o f  existing drainage patterns w ere useful to identify S U D S  locations. 
Investigating the drainage routes and the availability  o f  green spaces a long them
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determ ine the selection  o f  options in Stage 4  after analysis o f  green spaces. For 
exam ple, i f  there is no green space betw een the start o f  a branch sew er to the poin t it 
jo in s the trunk sew er, then the sub-catchm ent w ill not have su fficien t attenuation  
potential and peak flo w s w ill be transferred downstream . E xam ples o f  drainage 
networks plans associated  w ith  the first case study site are show n in A ppendix B l .
Stage 2
H ydraulic evaluation o f  the catchm ent w as undertaken to understand the causes o f  
flood ing  in the catchm ent. F looding cou ld  occur due to several reasons including  
location  o f  developm ents in  floodplains, lack o f  capacity in the drainage system  and 
overland flo w s to lo w  ly ing  areas. The types o f  developm ent identified  in stage 1 
were useful to assess the vulnerability o f  various types o f  developm ents to  flood ing . 
The locations o f  green spaces adjacent to w atercourses w ere useful in m itigating  
flood ing  at som e sites.
Stage 3
The distribution o f  various land uses w as usefu l for assessing  the locations o f  open  
spaces in the various sub-catchm ents as w e ll as their links to other land uses. T his  
helped in exam ining the potential for S U D S . A ccording to  D E FR A  (2005), 5 to  7 
percent o f  space w as required for planning o f  attenuation and treatment vo lu m e for  
SU D S . A dditional space w as required for d evelop ing  conveyance system s i f  space is 
available, otherw ise underground p ipes w ill be needed  for conveyance. D ry areas in  
S U D S  (e.g. dry detention basins) could  be usefu l for active recreation, the w et spaces  
(ponds and w et basins) m ay not be useful for active recreation and m ore space w ill be  
required for accessin g  such areas.
The spatial distribution o f  the green spaces w ith  respect to the w atercourse w as also  
needed to understand the potential for integrating green spaces w ith  S U D S . Green  
spaces located in proxim ity to the watercourse but beyond the floodplain  have higher  
potential for storm water m anagem ent w hile  this decreases in the higher areas o f  a 
sub-catchm ent. Hydraulic evaluation o f  the catchm ent in  stage 2 w as u sefu l in  




The developm ent o f  S U D S  options w as carried out using the previous three stages.
1. Link to stage 1- The drainage pattern w as needed  to identify  the low er reaches 
o f  the catchm ent w here attenuation controls could  be considered. The land use  
pattern (spatial and areal distribution) in  stage 1 provided indications o f  areas 
w here such use cou ld  be possib le.
2 . Link to Stage 2 - The hydraulic evaluation  provided flood in g  locations and 
thus show ed  the f lo w  contributions from  various areas w h ich  indicated w hich  
developed  areas should be attenuated.
3. Link to stage 3- w as useful to define the type o f  recreational interactions 
p ossib le by using various types o f  SU D S.
V arious types o f  S U D S , such as dry and w et basins and ponds w ere considered in the 
options so that a w ell inform ed final d ecision  m ay be taken regarding the preferred  
solution  for a subject catchm ent. A s the so il type in the case study areas w ere  
im perm eable, infiltration m ethods were not considered. Further, due to the presence  
o f  back to back housing in m ost residential estates, sw ales w ere not deem ed feasib le  
in  m ost housing estates. Public or institutional areas w ere m ore appropriate for 
planning o f  S U D S as there w eren ’t logistical d ifficu lties o f  land acquisition.
S U D S  parameters w ere calculated using the m ethods recom m ended in D E F R A  (2005)  
and is  show n in B o x  4-1 w hich  included outline m ethods o f  calculating S U D S  
attenuation, treatment and long term storage vo lu m es. The detailed defin ition  o f  
parameters and the theoretical justification  o f  the m ethods are presented D E F R A  
(2005).
Each SU D S option w as then assessed  for the various indicator attributes as described  
in  section  4.2 . For exam ple, i f  a dry detention basin  w as an option, then its attributes 
w ould  be
•  W ater visibility: no permanent presence o f  water (lo w  water visib ility)
•  A esthetics: Dry grass area (corresponds to lim ited am enity value)
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The indicators are scored in  Stage 6 based on  the type o f  attribute associated  w ith  
each  indicator.
B o x  4-1: C alculations for S U D S  parameters
The size o f SUDS is determined using the following steps o f calculations:
1. Green field runoff for a particular return period.
(1.08 (A/ 100)089SAAR117. SPR217) 1/s ....Eq. 4.3
Where, A is the development area excluding large open spaces
SAAR is the Standard Average Annual Rainfall assessed over a period of years
SPR Standard Percentage Runoff
2. Using green field runoff and Basic storage volume and adjusted storage volumes calculate final attenuation storage
volumes.
Basic storage volume, BSV = U. a  A m3 ....Eq. 4.4
Where,
U is the attenuation storage volume per unit area 
a  is the proportion of impervious area requiring storage 
A is the development area excluding large open spaces
Adjusted storage volume, ASV = SVR x BSV m3 ....Eq. 4.5
Where,
SVR is the Storage volume ratio 
BSV is the Basic Storage Volume
Final Attenuation volume= HR x ASV m3 ....Eq. 4.6
Where,
HR Hydrological region volume storage ratio 
ASV is the Adjusted storage volume
3. Treatment volumes
TV= 9A.M560-(SPR/2 + (1 -  SPR/2). p PIMP/100) m3 . ...Eq. 4.7
Where,
A is the development area excluding large open spaces 
M560
SPR is the percentage runoff
p is the proportion of impervious area requiring storage 
PIMP is percentage impermeable area
4. Long term storage volumes for subcatchments using land use and rainfall characteristics
LTV= (RD ■ LTF • AP) m3 ....Eq. 4.8
Where,
RD is the Rainfall depth for 100 hr 6 hr event 
LTF is the long term storage factor 
AP Impermeable area (A.PIMP/100)
Source: D E FR A  (2005)
Stage 5
M odel scenarios w ere developed  to represent the various S U D S options d ev elo p ed  in  
stage 4. The scenarios were developed  by introducing attenuation and long term  
storage into the drainage network at the locations identified in Stage 4 . L im iting
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discharge for S U D S options w ere calculated using Equation 4-3  w hile  a va lue o f  21/s/ 
ha w as used  for the ou tflow  from  long term  volu m e as recom m ended by D E F R A  
(2005). The discharges from  S U D S and lon g  term volum e thus calculated w ere used  
in  the various m odel scenarios to represent various S U D S  options.
The options w ere then tested  for sim ulated rainfall to assess the attenuation generated. 
The resulting flo w  hydrograph after running the sim ulation w ere used  to sh o w  the 
effects o f  various S U D S options proposed in  stage 4. The results w ere then used  to  
ju stify  the storm water scores associated  w ith  various options in stage 6.
This stage also  indicated whether sufficient attenuation was generated to control the  
flood ing. I f  the options w ere not producing su fficien t reductions then options cou ld  
be changed or m ore schem es in other sub-catchm ents w ould  need  to be introduced.
Stage 6
Each o f  the attributes w as scored for each option  in the range o f  1-3. T his w as ca lled  
the attribute points. Each attribute points w ere m ultip lied  by the norm alised  
w eightings associated  w ith  each indicator to g ive  the indicator score. Each o f  the 
indicator scores w as added to determ ine the S U D S  option score. The various S U D S  
option  scores w ere com pared to determ ine the preferred option.
Illustration of basic principles
The basic principles o f  the m ethodology developed  are illustrated in the fo llo w in g  
exam ple. Consider a conceptual urban catchm ent X Y Z  w hich  is affected  by flood in g . 
Select tw o sub-catchm ents w ithin  the catchm ent to illustrate basic principles:
1. Green space area assessm ent
This exam ple presents the im portance o f  assessin g  green space distribution for 
planning o f  SU D S. The green spaces in the catchm ent are present as show n in  Figure
4-1. The developed  area and green spaces w ere analysed for the tw o sub-catchm ents  
and are show n in Table 4-4 . From Figure 4 -1 , it is  evident that although green spaces  
are present in  both the sub-catchm ents, there is m ore potential for planning o f  S U D S  
in sub-catchm ent A  as green spaces lie  in lo w  ly ing areas. H ow ever, S U D S  are not 
feasib le in  sub-catchm ent B as the green spaces lie  in  the upper part o f  the residential
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areas. The direction of the local storm water drainage in both the sub-catchments is 
indicated by arrows. The residential areas in B would drain towards the watercourse 
and the green spaces cannot be used for attenuation.
Table 4- 7: Quantitative presence of green spaces
Subcatchment Developed Area Green space SUDS possibility/ 
constraint
(1) (2) (3) (4)
A 16 5 Potential for SUDS
B 19 1 No potential for SUDS
WSHS Residential 
. . . . . .  Watercourse
□  SubcatchmentBoundary
□  Institutional 
7]  Green space
Subcatchment 
drainage direction
Figure 4- 1: Comparison of green space locations in the two subcatchments
2. Calculation of SUDS sizes
The procedure for calculations of SUDS volumes has been explained in the 
methodology section (Box 4-1). In order to illustrate the calculations for two 
subcatchments in the theoretical catchment two example SUDS schemes were 
conceived as shown in Figure 4-2 for subcatchment A.
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Figure 4- 2: The above figure shows two SUDS options (Option 1 in the left and Option 2 on 
right)
The attenuation volume and treatment volumes were calculated using the process 
described in DEFRA (2005). The regional and local input data as determined using 
DEFRA (2005) are presented in Appendix A2
Greenfield runoff was calculated using equation 4.3 and is shown in Table 4-8
Table 4- 8: Greenfield Runoff
P a ra m e te rs V a lu e
A re a  (h a ) A 1 1 .0 0
A n n u a l R a in fa ll (m m ) S A A R 1 0 0 0 .0 0
S o il R u n o ff  C o e ff ic ie n t S P R 0 .4 7
C a tc h m e n t a n n u a l p e a k  f lo w Q B A R 80 .6 1
M ea n  a n n u a l p e a k  f lo w  p e r u n it a re a Q B A R /A 7 .3 3
1 y r p e a k  d is c h a rg e  p e r u n it ra te  o f  ru n o f f  ( l/s ) Q 1 y r 6 8 .5 2
30  y r  p e a k  d is c h a rg e  p e r u n it ra te  o f ru n o ff ( l/s ) Q 3 0 y r 1 5 3 .1 6
100  y r p e a k  d is c h a rg e  p e r u n it ra te  o f  ru n o f f  ( l/s ) Q 1 0 0 y r 2 0 9 .5 8
2 0 0  y r  p e a k  d is c h a rg e  p e r u n it ra te  o f  ru n o f f  ( l/s ) Q 2 0 0 y r 2 4 1 .8 3
1 y r p e a k  d is c h a rg e  p e r u n it ra te  o f  ru n o f f  p e r u n it a re a  
( l/s /h a ) Q 1 y r /A 6 .2 3
30  y r  p e a k  d is c h a rg e  p e r u n it ra te  o f  ru n o ff p e r u n it a re a  
( l/s /h a ) Q 3 0 y r /A  ( l/s ) 1 3 .9 2
100 y r p e a k  d is c h a rg e  p e r u n it ra te  o f  ru n o f f  p e r u n it a re a  
( l/s /h a ) Q 1 0 0 y r /A  ( l/s ) 1 9 .0 5
2 0 0  y r p e a k  d is c h a rg e  p e r u n it ra te  o f  ru n o f f  p e r u n it a re a  
( l/s /h a ) Q 2 0 0 y r /A  ( l/s ) 2 1 .9 8
Using graphs of green field runoff per unit area (Qbar/A) and PIMP from DEFRA 
(2005) manual, U (attenuation storage per unit area) was interpolated and the values 
presented in Table 4-9. Then basic storage volume and adjusted storage volumes and 
final attenuation volumes were calculated using the following equations 4.4, 4.5 and
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4 .6  The values o f  storage volum e ration (SV R ) and hydrological region  vo lu m e ration  
(H R ) w ere determ ined using D E FR A  (2 0 0 5 ) as show n in  A ppendix A 2.
Table 4- 9: Attenuation volumes
Parameters Value













Final estimated attenuation storage  




Then treatment volum e w as calculated u sin g  equation 4 .7 . V arious parameters used  in  
the calculations o f  the treatment vo lum e are show n in  Table 4 -10
Table 4-10: Treatment volumes
Parameters Value
Development area (ha) A 11
PIMP % PIMP 0.6
Impervious area requiring storage
% BETA 0.75
Soil runoff coefficient SPR 0.45
5 year/60 min rainfall depth (mm) M560 17
Treatment volume (m3) TV 1161.27
Relevant parameters for sizing SUDS using the above calculations are summarised in Table 
4-11
Table 4-11: SUDS design parameters
Parameters Value
Developed areas (ha) 11
AV  30 (m'3) 1600.72





T w o S U D S  options w ere proposed: 1) B asin  and 2) Pond. The basin  w as proposed to 
attenuate 35%  o f  the developed  area o f  the sub-catchm ent w hile  the pond w as  
proposed to d isconnect 84%  o f  the developed  area. It w as also  proposed that 15% o f  
the developed  area w ould  contribute towards lon g  term volu m e for option  2. This  
inform ation is sum m arized in Table 4-12 .
Table 4- 12: Proposed proportion of developments contributing to Attenuation and Long term
volumes
Proportion o f developed area  
contributing to Attenuation and 
Treatment volume (PA1 )
Proportion o f developed area  








U sin g  the contributions proposed in  Table 4 -12 , S U D S  parameters w ere calculated  as 
show n in  Table 4-13 .
Table 4-13: Calculations for individual SUDS Options in A





volume, AV (m3) 404 1345
Pond AV=PA1 (Table 4-12)*AV 30 (Table 4-11) 
Basin AV=PA1 (Table 4-12) *AV 10(Table 4-11)
Treatment 
volume , TV(m3) 412 915
TV= PA1 (Table 4-12)*TV( Table 4-11)
SUDS volume  
(m3) 816 2260
Pond Volume =AV+2TV  
Basin Volume =AV+TV
Long term  
volume, LTV  
(m3)
163
LTV (Table 4-12)*PA2 (Table 4-13)
N ote:
O nce the volum es w ere determ ined they  w ere used  as storage input for the hydraulic  
m odel. Input o f  these parameters is needed  to confirm  the benefits o f  reduction o f  
peak flow s in the catchm ent. This is further illustrated through the detailed case study  
exam ples in chapter 5 (section  5 .6 ) and Chapter 6 (section  6 .6 ) respectively .
3. Scoring o f  options
T his section  explains the scoring o f  the tw o S U D S options show n in Figure 4 -2 . Table
4 -1 4  explains the scoring for Option 1 w hile  Table 4-15  exp lains the scoring for
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O ption 2. Each o f  the indicators is  scored based on  the attributes (C olum n 3) in  the 
range o f  1-3. The attributes have been  defined in  section  4 .2 . B ased  on  the type o f  
S U D S  selected , and site attributes identified  from  GIS plan, corresponding scores  
according to the definitions in section  4 -2  are allotted to each indicator. The scores 
are called  attribute points and are show n in Table 4 -1 4  and Table 4 -1 5 , colum n 2.







Site is accessible by footpath and a road (Site characteristic, 
Figure 4-2)
Water visibility 1 ‘ No Permanent pool of water (proposed SUDS characteristic)
Aesthetics
1








The site is next to a play area and houses and provides an 
opportunity for multi-purpose recreation. The basin itself can 




Proposed depth greater than lm (proposed SUDS 
characteristic)
Ownership 3 Public (Site characteristic, Figure 4-2)
Flood return period
2




Less than one-thirds area connected to SUDS attenuation 
volume (Table 4-13, Column 2)
Long term storage
1
Less than one-thirds area connected to long term storage 
(Table 4-13, column 3)
Each attribute point should be m ultiplied by the norm alised w eigh tin gs associated  
w ith  each indicator (developed  in section  4 -5 ) to g ive  the final indicator score. So, the 
attribute point in  colum n 3 and colum n 4 o f  Table 4 -16  w ill be m ultip lied  by the  
norm alised w eightings o f  C olum n 2, (refer to Table 4 -1 6 ) to produce the 









Access 3 Site is accessible by footpath and a road (Site 
characteristic, Figure 4-2)
Water visibility 3 No Permanent pool of water (proposed SUDS 
characteristic)
Aesthetics 3 Dry basin with only grass vegetation (proposed SUDS 
characteristic)
passive security 1 Proposed SUDS have development on two sides (Site 
characteristic, Figure 4-2)
Multi-purpose 3 The site is next to a play area and houses and provides an 
opportunity for multi-purpose recreation. The pond will 
also be useful as a multifunctional space. (Site and device 
characteristic, Figure 4-2)
Safety 1 Proposed depth greater than lm (proposed SUDS 
characteristic)
Ownership 3 Public (Site characteristic, Figure 4-2)
Flood return period 3 flood management up to 30 yrs (proposed SUDS 
characteristic)
Attenuation volume 2 More than one-thirds but less than two thirds area 
connected to SUDS attenuation volume (Table 4-4, 
Column 4)
Long term storage 2 More than one-thirds but less than two thirds area 
connected to long term storage (Table 4-5, column 6)









(D (2) (3) (4)
Access 0.6 3 3
W ater visibility 0.7 1 3
Aesthetics 0.7 1 3
passive security 0.6 3 3
Multi-purpose 0.8 3 3
Safety 0.8 3 1
Ownership 0.7 3 3
Flood return period 1.7 2 3
Attenuation volume 1.6 2 2
Long term storage 1.6 2 1
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Each o f  the norm alised indicator scores w ill be added to determ ine the total score  
associated  to each option. So, adding all the scores in colum n 2 o f  Table 4 -1 7  w ill 
help determ ine the total score for option 1 (show n  in  colum n 2, last row).









W ater visibility 0.7 2.0
Aesthetics 0.7 2.2




Flood return period 3.4 5.1
Attenuation volume 3.2 3.2
Long term storage 3.2 1.6
Total score 21.6 22.9
'r
Total score Total score
for O ption 1 for O ption 2
The option having the h ighest total score is selected  as the preferred option. In this 
exam ple, option 2  is the preferred option as it received  a higher score.
Critical appraisal of methodology
The conceptual fram ework (show n in Figure 3 -1 ) includes aspects o f  urban planning, 
storm water planning and green space planning as d iscussed  in  Chapter 3. Trans- 
disciplinary research has becom e a requirem ent for spatial planning as the planning  
and m anagem ent o f  the countryside has been  characterised m ore by ten sion  than  
coh esion  during the past 50 years due to the sharp dem arcation o f  sectoral interests 
(Fry 2001). A n integrated approach o f  landscape planning has been supported by  
various researchers including: N assauer (1995); D ecam ps (2001); N aveh  (1998); 
Antrop (1998) and N aveh  (2001). The m ethodology  in vo lv in g  developed  areas, open  
space and water, thus fits into an integrated approach to landscape planning.
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The approaches o f  storm  water planning and recreation planning are quite different. 
The planning o f  storm water m anagem ent is h igh ly  determ inistic w h ile  that o f  
am enity is h igh ly  perceptual. A n  engineer designs the drainage system s to com p lete ly  
fo llo w  the desired hydraulics based  on technical guidance. T his is show n by the w ork  
o f  several authors such as Y en  and Tung (1993). In this approach there is lack  o f  
appreciation o f  the fact that designed surfaces are also public spaces as w e ll as 
eco log ica l spaces. In contrast, professionals such as architects and planners w ho  
design  and plan recreational spaces focus on  public perception and eco lo g ica l aspects  
(Frumklin et al 2 004). This research is aim ed at finding the m iddle ground betw een  
the tw o. The approach is  therefore neither com p letely  determ inistic nor com p letely  
perceptual. It m ust be a com prom ise betw een  the tw o  approaches.
Recreational indicators represent perceptual or subjective aspects in  this research, 
w hich  is evident from  the w ork o f  M arcus and Francis (1998). This m akes it d ifficu lt 
to m easure com pared w ith  the m easurem ent o f  storm water indicators w h ich  have  
more clearly defined  boundaries. It m eans that the boundaries had to be based  on  
previous indicative perception studies or based on  intuitive reasoning o f  what m ight 
be acceptable hypothesis based on existing know ledge. For exam ple, the accessib ility  
o f  green space w as found to be a factor in  recreation for green spaces (H andley et al. 
2003) and should be used for SU D S am enity evaluation  as S U D S  are also landscape  
features. H ence, this w as selected  as a recreational indicator.
This research provides an approach w hich  is based  on  elem ents o f  both objectiv ity  
and subjectivity. A lthough  the approach has been  to reduce the elem ents o f  
subjectivity as m uch  as p ossib le, som e elem ents o f  subjectivity w ere inevitable  
considering the nature o f  the research area. The tradeoffs have b een  m ade w ith  
extrem e caution, after consulting various experts, and a w ide rev iew  o f  the literature. 
For exam ple, the w eightings w ere assigned  after a perception survey using a focu s  
group com prising planners, engineers and academ icians as d iscussed  in section  4 .5 . 
Each potential indicator and their lik e ly  boundaries w ere selected  after in ferences  
w ere m ade from  the w orks o f  previous research as show n in  Table 4-1 and Table 4-2 .
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4.7 ASSUMPTIONS IN THE METHODOLOGY
•  It w as assum ed that the perception o f  the planners w ou ld  be representative o f  
the m ajority o f  peop le, although peop le m ay have a range o f  v iew s, depending  
on their age, gender and requirements. This w as based on the prem ise that 
planners generally  know  the requirem ents o f  their constituents.
•  The storage added in the im perm eable area m odule reflects the attenuation  
produced b y  SU D S . But, the perform ance o f  S U D S  w ill a lso  depend on  other 
factors, such  as in let and outlet conditions. H ow ever, this is  based on  
D E F R A ’s (2 0 0 5 ) approach, w hich  provides coarse estim ates o f  attenuation in  
the catchm ent.
•  It w as assum ed that integration o f  S U D S  w ith  open spaces w ould  add va lu e to  
the landscape. H ow ever, poor design  has been  show n to decrease the appeal o f  
landscapes (E m m erling-D i-N ovo 2007).
4.8 LIMITATIONS
The lim itations o f  the research w ere as fo llow s:
•  H Y D R A U L IC  M O D E L IN G  SO FT W A R E . Software is essential for the  
m odelling o f  one-dim ensional flow . H ow ever, flood in g  is a three-dim ensional 
phenom enon. Overland flow s cou ld  a ffect the locations o f  flood ing , depending  
on available escape routes; but m od ellin g  this is  d ifficu lt in ex isting  softw are. 
A  hydraulic m odel represents on ly  an approxim ation o f  ex isting  circum stances  
o f  flood in g  (C how , M aidm ent, and M ays 2005).
•  L A N D  U S E  C H A N G E S. A lthough, ex isting  developm ent proposals w ere  
included in  the studies, unforeseen future developm ents cou ld  affect the sew er  
flow s.
•  O TH ER IN T E G R A T IO N  FA C TO R S. This research considered on ly  som e o f  
the integration factors applicable to integrated planning. H ow ever, several 
other factors, such as quality o f  water, b iodiversity, and other aspects o f  
environm ental im provem ent, have not been considered due to lack o f  tim e and  
resources.
•  THIRD P A R T Y  ISSU ES: B asic hydraulic m odels d eveloped  by consultants 
em ployed  by the local authorities for the developm ent o f  drainage plans w ere
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used for this research. A lthough, there cou ld  be som e errors in their w ork, re­
verification  o f  the m odels w as carried out for ensure that they approxim ate the 
actual network. A lso , site v isits w as conducted  to see  the ground conditions  
associated  to m odels. Sim ilarly, to confirm  the accuracy o f  the GIS data 
provided by  the local authority, site v is its  w ere undertaken.
•  SA M PLE SIZE. A s the m ethod o f  research w as case study w hich  required  
detailed investigation  o f  several param eters in the natural settings o f  a 
catchm ent, so the size  o f  sam ples w as lim ited  to tw o. The first case study w as  
intended to assess the applicability o f  the fram ework in one area w h ile  the  
second one w as intended to test its applicability  in  a totally  different area so  
that the w ider applicability o f  the fram ew ork is  understood. A lso , tim e  
constraints w ere another factor to lim it the studies to  tw o catchm ents.
•  C O N V E N T IO N A L  D R A IN A G E . The conventional drainage options w ere not 
considered as part o f  this research. A  com parison w ith  the conventional 
solutions w ould  have highlighted the advantages and disadvantages o f  the  
proposed sustainable options. This, how ever, w as done b y  H yder consultants 
w ho had developed  conceptual solutions. Their results indicated that either the  
conventional solutions caused dow nstream  flood ing  or their cost w as  
ex cessiv e  (Aukerm an et ah 2008).
•  C O STING . The costing w as not carried out to determ ine the econ om ic  
feasib ility  o f  the various options due to tim e constraints. The costing  m od els  
for S U D S are available and can be used  to com pare S U D S  and conventional 
options.
•  PU BLIC  O PIN IO N  SU R V E Y S. The public op in ion  surveys represent 
important m ethods for qualitative assessm ent but need detailed perception  
analysis o f  various age groups and their habits. H ow ever, they w ere not 
carried out as focus group survey d iscu ssed  in section  4-5  w as deem ed  
sufficient for the purpose o f  this research. There w as also a constraint o f  tim e  




A s the m ethods o f  data co llection  and analysis have becom e m ore sophisticated  and 
penetrating, aw areness and concern over the eth ics o f  research have increased  
(W hitebeck 1998). G regory (2003) suggests that research should  in vo lve  consent 
from p eop le lik e ly  to  be affected  by the research. H ow ever, no set criteria are 
applicable to all research, and one should assess the risks and benefits for hum anity as 
w ell as for the researcher (Bernard 2000).
There w ere som e ethical issues involved  w ith  the various types o f  data co llection  and 
analysis associated  w ith  this research. The u se  o f  flood ing data w as sen sitive  
inform ation that needed  to remain confidential. Interview ing o f  local authority  
offic ia ls  w as done w ith  their consent. The project w as being undertaken, not on ly  for 
the developm ent o f  know ledge, but a lso to inform  better planning and d ecisio n ­
m aking by the local authorities o f  the case study catchm ents.
4.10 TESTING OF THE CONCEPTUAL FRAMEWORK
The conceptual fram ework outlined in Chapter 3 and the m ethodology  outlined in  this 
chapter has been tested  in  using tw o case studies d iscussed  in chapters 5 and 6 
respectively. The tw o case study areas have different land use plans and thus provide  
opportunity to test w ider potential applicability o f  the m ethodology. T hey sh ow  the  
application o f  the six  stages o f  fram ework and sum m ary o f  the results and analysis. 
The calculations and supporting data associated  w ith  the tw o case studies are 
presented in  A ppendices B and C.
Selection criteria for the case study locations
The tw o case study catchm ents were selected  based  on the fo llo w in g  criteria:
•  F looding
•  A vailab ility  o f  m odel data -
•  Presence o f  green spaces
E xistence o f  flood ing  w as the first criteria as the investigations w ere carried out to  
reduce the flood ing  using integrated schem es. The second criterion w as the 
availability o f  integrated hydraulic m odel w ith  both sew er and watercourse data. A s
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the m ain focus o f  the study w as the develop  and test a novel framework, ex istence o f  
m odel data w as perceived as an important criteria w hich  w ould save tim e and avoid  
duplication o f  work carried out by private consultants. The third criteria: presence o f  
green spaces w as necessary for developm ent o f  SU D S.
Description o f the case study locations
Light B um  catchm ent in the East End o f  G lasgow  w as selected  as the first case study  
w hile Spateston B um  catchm ent in Renfrewshire w as selected as the second  case  
study area. The locations o f  the tw o catchm ents are presented in sections 5.1 and 6.1 
respectively. The use o f  case studies w as intended to answer various research  
questions (presented in section  1.1). Both case studies had residential areas w ith  a m ix  
o f  open spaces, housing, sch oo ls transportation network and drainage networks. 
Investigating opportunities for integration o f  water m anagem ent w ith  open spaces in  
these settings provided understanding o f  conflicting interests. A fter initial 
investigations, three subcatchm ents were selected  in each case study area for detailed  
application o f  various aspects o f  the fram ework, although the process w as carried out 
w ithin  the overall context o f  the catchment. For exam ple, detailed green space  
assessm ent and potential for storm water m anagem ent w as discussed  for three sub 
catchments; how ever the overall green space network in the catchm ents w as also  
determ ined so that w ider spatial planning benefits could also be analysed.
Three subcatchm ents w ere selected  in each catchm ent so that they represented various 
proportions and distributions o f  open spaces and other land uses. A  greater number o f  
subcatchm ents could have provided m ore understanding o f  the various issues  
involved; how ever there w as also a need to balance the amount o f  output so that a 
thorough analysis and appraisal could be conducted. The selection  o f  subcatchm ents 
w as done so they w ere representative o f  developm ent patterns and open space patterns 
generally occurring in urban areas. For exam ple, in the first case study in Chapter 5, 
Garthamloch represents a partially developed subcatchm ent w ith large am ounts o f  
inform al green spaces. The second subcatchm ent, Skerryvore is w ell developed w ith  
established green spaces such as parks, playgrounds, and other am enity spaces. 
H ow ever, the third subcatchm ent, Cardowan represented an overdeveloped area w ith  




The application o f  the m ethodology  w as depended on reliable data. Data was 
collected  from  several sources. Sew er network data w as m ostly obtained from  
Scottish  W ater and watercourse network data w as provided from the local authority. 
For sections w here the inform ation w as incom plete and insufficient, site surveys have  
been carried out by the consultants (M W H , Hyder and JBA) and updated inform ation  
w as obtained. Inform ation about the land use plans w as collected  from local 
authorities w hich  were G lasgow  City C ouncil and Renfrewshire C ouncil in this case. 
Site v isits w ere also undertaken to confirm  the accuracy o f  the data collected .
Description o f hydraulic models used for the case study locations 
Storm water attenuation benefits were tested using hydraulic m odels. Light bum  
catchm ent hydraulic m odel developed by Hyder and M ontgom ery W ater Harza 
(M W H ) consultants w as used  w hile  a m odel developed  by JBA consultants w as used  
for Spateston catchment. Both the m odels w ere developed  using Infoworks CS 
software and represented both the sew er and the watercourse network. Site v isits were 
also undertaken to further confirm  the validity o f  the sew er and w atercourse data used  
in the m odel. The so il type used for both the m odels w as type 4  as w as indicated by  
the FEH data. A fter obtaining the m odels, they w ere verified  again using actual flo w  
and rainfall data provided by these consultants. A s both the m odels show ed c lose  co ­
relation betw een  actual flo w s and predicted flow s, they w ere deem ed fit for the 
purpose o f  this research.
The results o f  the application o f  the m ethodology have been discussed  at the end o f  
each chapter i.e. sections 5.8 and 6.8 in chapters 5 and 6 respectively. A dditionally, in 
sections 5.8 and 6.8, a d iscussion  on various issues related to applicability o f  the 
fram ework for the sub-catchm ents and the potential o f  integration associated w ith  
various distributions o f  open spaces. A n  overall evaluation o f  the case studies in the 
context o f  existing know ledge is presented in chapter 7.
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5 APPLICATION OF THE PROPOSED FRAMEWORK FOR 
INTEGRATED GREEN SPACE AND WATER PLANNING IN LIGHT 
BURN CATCHMENT
5.1 INTRODUCTION
The Light B u m  catchm ent in G lasgow  w as selected  to test the potential o f  integrated  
green space and water planning fram ework introduced in chapter 3. The catchm ent 
lies  in the East End o f  G lasgow  (refer to Figure 5-1). The area is a lso under a 
regeneration initiative o f  G lasgow  City C ouncil to im prove its blighted im age. 
G lasgow  City C ouncil took a keen interest in  this case study and provided all relevant 
data required for this research.
The application o f  the m ethodology required detailed analysis to test various options. 
Thus, this chapter provides an overv iew  o f  the issues for the w hole catchm ent but 
detailed analysis for a sam ple o f  three subcatchm ents as d iscussed in section  5.2. The 




T hese subcatchm ents w ere selected  to test the fram ework and tool developed  in the 
research m ethodology. The considerations for selecting the sam ple o f  three 
subcatchm ents have been d iscussed  in  section  4 .10 , chapter 4.
A pplication  o f  the fram ework is described in sections 5.2 to 5.7. Stage 1 presented in  
section  5.2 describes the land use and drainage patterns o f  the Light B u m  catchm ent. 
Section  5.3 relates to the hydraulic evaluation and flood  risk assessm ent. Green space 
assessm ent associated w ith stage 3 o f  the conceptual fram ework is described in 
section  5.4. Im plem entation o f  stage 4  o f  the framework is reported in section  5.5 o f  
this chapter. R esults for evaluation o f  SU D S related to flood  m anagem ent are 
presented in section  5.6 and are linked to stage 6. Integrated evaluation o f  green space 
planning w ith  SU D S , associated w ith stage 6 o f  the framework, is taken up in section
5.7. Section  5.8 evaluates the results d iscussed  in sections 1 to section  6. The 
















U d d in g s tq r -  B e l f s h i
Figure 5- 1: Location of Light Burn catchment
(Source: Google maps)
5.2 S T A G E  1: C A T C H M E N T  L A N D  U S E  A N D  D R A IN A G E
A S S E S S M E N T
This stage deals with land use and drainage assessment for the Light Burn catchment. 
Step 1 a shows demarcation of the boundaries of sub-catchments within the catchment. 
Overall drainage characteristics of the catchment are reported in step lb, while step lc 
identifies land use characteristics of the whole catchment. Step Id and step le deal 
with sample study areas within the catchment. These sub-catchments were selected 
based on the criteria outlined in section 4.10. Step Id reports the drainage systems 
present in the selected sub-catchments while step le gives a detailed account of the 
land use pattern in the sample sub-catchments.
Step  la  D em arcate  ca tch m en t and  su b -ca tch m en t b o u n d a ries
In step la, the catchment and sub-catchment boundaries were identified for the Light 
Burn catchment. The Light Burn drains into Camlachie burn to the South as shown in 
Figure 5-2. The delineation of the catchment and subcatchments was based on 
topographic data and drainage network data. The total area of the catchment was
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found to be 345.7 Ha. The catchment was divided into seven sub-catchments as 
shown in Figure 5-2. The demarcation of the subcatchments was done by taking into 
consideration the drainage layout in various parts of the catchments as well as 
developments such as housing estates, schools, commercial and industrial areas. Both 
watercourse as well as sewer systems were considered for the delineation of 
subcatchments.
Figure 5- 2: Division of Light Burn catchment into seven sub-catchments
(Map source: Glasgow City Council)
Step l b  S tu d y  ca tch m en t ch a ra cter istics
For implementing Step lb, the drainage characteristics of the catchment were 
determined. It has two types of drainage systems: combined and separate. Most areas 
are served by combined sewers, but there are also separate sewers draining some 
developments as well as the motorway. The separate sewers and the motorway runoff 
drain into Light Burn, which passes through the centre of the catchment. The 
watercourse is almost completely culverted and has a low amenity value. The 
locations affected by flooding (obtained from Glasgow City Council), as shown in 
Figure 5-3, are situated towards the south of the catchment and possibly represent lack 
of capacity in the drainage system.
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Figure 5- 3: Flood and CSO locations in the Light Burn catchment
(Map source: Glasgow City Council)
Step  lc :  S tu dy  lan d  use ch aracter istics
Land use analysis of the catchment was carried out according to Step lc. This 
catchment is mainly residential, with pockets of industrial, institutional and 
commercial areas. The area is also criss-crossed by transport corridors: M8 motorway 
in the north, running east to west, and Edinburgh Road running parallel to it. It is 
linked by a rail network at Carntyne Station in the south of the catchment.
The southern part of the Light Burn catchment is largely developed, while there are 
large green spaces in housing developments in the central and northern parts, as 
shown in Figure 5-4.
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■  Commeroai area
□  Subcatchments
□  Study subcatchment boundaries
Figure 5- 4: Development pattern in the Light Burn catchment (Appendix Bl)
(Map source: Glasgow City Council)
The land use within the catchment was categorised into residential, commercial, 
transportation, industrial, institutional and green space uses using information 
provided by Glasgow City Council (GCC). The distribution of land uses in the 
catchment is shown in Table 5-1, while distribution within each sub-catchment is 
shown in E rror! R eferen ce  so u rce n ot fou n d .. Analysis of Table 5-1 and Figure 5-5 
show that land use is unevenly distributed in the different sub-catchments. For 
example, Garthamloch and Borthwick have a very high proportion of green spaces, 
while Cardowan has little proportion of green spaces. Skerryvore and Sutherness also 
show a good proportion of green spaces (more than 20 percent) along with more than 
40 percent area for housing.
Table 5- 1: Distribution of land use in the Light Burn Catchment
A re a
(h a ) P e rc e n ta g e
O pen
s p a ce 113 35 .7
C o m m e rc ia l 1 0 .2
In s t itu t io n a l 23 7 .2
R e s id e n t ia l 131 4 1 .4





□  Open space
□  Commercial
□  Institutional
□  Residential 
a Transport
Figure 5- 5: Distribution of land uses in various sub-catchments in percentages
Step  Id: D ra in a g e  p attern s in se lected  ca tch m en ts
The drainage patterns for the three sub-catchments selected were studied. Layouts of 
the drainage systems in the areas are presented in Appendix B1 while the description 
of the drainage systems is presented as below:
Garthamloch
The site of Garthamloch has a mix of combined sewers and separate sewers. The 
western part of the sub-catchment (called Gartloch) has predominantly separate 
sewers, while the rest of the sub-catchment has combined sewers. The drainage from 
most of the green spaces is also likely to be discharged into combined sewers, as they 
form the predominant drainage pathways in the area (Appendix B1 Figure 7).
Skerryvore
The Skerryvore sub-catchment is served by combined sewers which run towards the 
west of the sub-catchment. Because of the limited capacity of the sewer system, 
frequent CSO spills have been reported immediately downstream. The Light Burn 
flows from north to south in the west of the sub-catchment and is culverted for most
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o f  this stretch. The depth o f  the culvert varies from  7 m  m axim um  to a m inim um  o f
lm . The drainage layout for the sub-catchm ent is show n in A ppendix B1 Figure 12.
Car do wan
Cardowan is drained on ly  by com bined sew ers, w hich  start towards the western side  
o f  the sub-catchm ent and drain towards the east into the trunk sewer. The Light B um  
flow s parallel to the trunk sew er, draining separate sew ers as w ell as com bined sew er  
overflow s. The L ight B um  flow s m ainly through a culverted system , and its depth  
varies betw een a m axim um  o f  8m  to a m inim um  o f  lm . The low er end o f  the system  
in Cardowan is h istorically prone to flooding due to the lim ited capacity o f  the current 
drainage system s. The drainage layout o f  the sub-catchm ent is show n in A ppendix B1 
Figure 17.
Step le: Study detailed land use characteristics in selected sub-catchments
Land use characteristics o f  the sub-catchm ents: Garthamloch, Skerryvore and 
Cardowan are described in this section. T hese sub-catchm ents are located in the 
upper, m iddle and low er regions o f  the catchm ent (Figure 5-3) to represent different 
topographies (A ppendix B 2 Figures 4, 5 and 6).
1) Garthamloch
Garthamloch is a sem i developed  area; w ith housing dom inating m ost o f  the areas in 
the northern, southern and western parts. The southern part o f  the sub-catchm ent is 
low -ly ing , w ith the M 8 m otorw ay on its boundary. The current developm ent layout is 
show n in A ppendix B1 Figure 1; w hich  also show s that there are vacant spaces in the 
central parts o f  this sub-catchm ent. A  total o f  168 dw elling units, com prising m ainly  
tenem ent b locks along w ith  som e sem i-detached housing, are located in  the north o f  
Garthamloch. There are four primary schools and one nursery school in  the area.
2) Skerryvore
The sub-catchm ent is m ainly residential w ith  a m ix  o f  sem i-detached houses and 
tenem ent blocks. There is also a large vacant area in the south o f  the sub-catchm ent. 
In the w estern part o f  the sub-catchm ent lies Cranhill Park w hich  is a popular 
recreational area. There are also three sch ools located around Cranhill Park in the 




Cardowan is a densely  developed  sub-catchm ent w ith  land use o f  primarily residential 
type. The layout o f  developm ent in the sub-catchm ent is show n in A ppendix B1 
Figure 13. Land use assessm ent show s that residential developm ents com prise 72%  o f  
the space, w hile 24%  is taken up by transportation infrastructure, i.e. roads; hence, 
very little space is left for recreation.
Discussion to stage 1
Stage 1 show ed the m ethod for linking developm ent and drainage planning. Selection  
o f  sub-catchm ents provided areas for detailed study o f  integration p ossib ilities in later 
stages. A nalysis o f  distribution o f  developm ent provides opportunities for linking  
w ith flood ing in stage 2. The understanding o f  developm ent patterns provide data for 
linking it to the green spaces w hich  is considered in detail in stage 3.
5.3 STAGE 2: HYDRAULIC EVALUATION AND FLOOD RISK
ASSESSMENT
Current status o f  flooding w as determined using a hydraulic m odel (d iscussed  in step 
2a) for the three sub-catchm ents o f  Garthamloch, Skerryvore and Cardowan. 
Hydrographs o f  various events at the downstream  ends o f  these sub-catchm ents w ere 
also analysed so that reductions in peak flow s could  be compared w ith various SU D S  
options in stage 5. The hydrographs are show n in A ppendix B 2, w hile  the assessm ent 
o f  flood ing  is presented in this section.
Step 2a Develop integrated model
The initial m odel w as developed  by M ontgom ery W atson Harza (M W H ) consultants 
in cooperation w ith Hyder Consultants. The m odel w as based upon the data provided  
by Scottish  Water, G lasgow  City C ouncil and surveys carried out by various 
consultants. This m odel integrates w atercourse network with the sew er network. The 
m odel w as verified  w ith three storm events and three dry weather flo w  events. A  soil 




A fter obtaining the m odel from the consultants, som e changes w ere made. Drainage 
networks, belonging to the Light B um  catchm ent and other contributing areas, were 
extracted from the overall m odel o f  the draining into the D alm am ock  wastewater 
treatment works. The overall area draining into the D alm am ock W W T W  com prises o 
seven  catchm ents and Light bum  is one o f  them . A  node at the downstream  end o f  the 
Light B u m  catchm ent w as selected  as outfall and the network m odel w as revalidated. 
F low  survey data provided by the m odellers w hich  included rainfall data, flo w  data 
and dry w eather flo w  w as used to again verify  the m odel and w as deem ed fit for the 
purpose o f  this research.
Step 2b Analyse flooding from extreme events
The flood ing from a 20 0  year event (rainfall event w ith a statistical probability o f  
occurrence once in tw o hundred years) w as assessed  for the three selected  sub­
catchm ents as fo llow s:
Garthamloch
Catchm ent sim ulations did not show  any flood ing  in Garthamloch lim ited runoff 
w ere generated due to its location  in the upper part o f  the catchm ent and also due to 
the fact that a large part o f  the sub-catchm ent in the central and southern parts were 
undeveloped. The current capacity in the sew er system s, therefore, effic ien tly  handled  
runoff.
Skerryvore
The sew er system  is surcharged in the north east part o f  the sub-catchm ent as w ell as 
in  the w estern parts, as show n in Figure 5-6. The excess flo w  generated drains 
towards the m otorw ay and then towards Cranhill Park, w hich provides natural flood  
escape routes. E xcess runoff originating in  the w estern parts o f  Skerryvore also drains 
towards the lo w  lying Cranhill Park. This reduces the impact o f  predicted flood ing in 
residential areas. The park lies in the low er part o f  the sub-catchm ent, and w hen the 
runoff reaches the park, it flow s towards the open section  o f  the Light Bum . 
A lthough, sim ulations show ed  potential flood ing  in the subcatchm ent, how ever there 
w ere no historical flood ing  in this subcatchm ent (Figure 5-3), w hich  cou ld  be due to 
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Figure 5- 6: Spatial planning and flooding in Skerryvore
(Map source: Glasgow City Council)
C a rd o w a n
Cardowan floods frequently, as confirmed by the model runs for the sub-catchment. 
Flooding occurs due to lack of capacity in the sewer system and culvert in some areas, 
as shown in Figure 5-7, and flood water would potentially move towards the lower 
end of the sub-catchment and cause intense flooding in those areas. Although, 
historical flooding sites are situated on Cardowan Road (Figure 5-3) only but the 
simulations show further flooding from the sewers on Carntynehall Road and 
Ruchazie Road. As both Carntynehall Road and Ruchazie Road have steep slopes 
towards Cardowan Road, the excess flow was unlikely to cause flooding at the 
surcharged located but would exacerbate the flooding on the Cardowan Road.
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□  Green spaces 
j I Kosidential arc?
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Light Burn open sections 
Light Burn cutvertod sections
Overland flow directions
Figure 5- 7: Spatial planning and flooding in Cardowan
(Map source: Glasgow City Council)
Step  2c: A ssess v u ln era b ility  o f  areas from  sew er  f lo o d in g  as w e ll as
o verlan d  flow .
Modelled flooding was not observed in Garthamloch as the contributing areas are 
located in the headwater region. It increased in Skerryvore; but flooding is at its worst 
in Cardowan, towards which the whole catchment is draining. This is evident from the 
flooding volumes observed in these areas using the simulations: Garthamloch 42 m , 
Skerryvore 342 n r and Cardowan 2638 m3.
The impact of flooding depends upon the kind of land use in the area. In Cardowan, 
the low lying areas are residential, while in Skerryvore and Garthamloch they are 
green spaces. Therefore, the vulnerability in Skerryvore and Garthamloch is limited. 




Table 5- 2: Flooding spatial sensitivity assessment in Garthamloch
Sub-catchment Modelled 
Flooding 
using 200 yr 
event (m3)
Current land use Vulnerability Remarks
Garthamloch No flooding Motorway Essential
Infrastructure








Water Compatible Overland flow 






Cardowan 2638 Residential More Vulnerable Overflow at flooding 
location exacerbated 
by overland flow 
from other sites
The land uses in the catchm ent are not flood  com patible (green spaces are located in 
areas o f  higher elevation  w hile  housing is situated in lo w  lying areas). This is evident 
from the fact that Garthamloch, Skerryvore and Cardowan contain 40% , 31%  and 2% 
green space, w hile they contain 26% , 33% and 72%  o f  housing areas respectively.
F looding increased in regions closer to the w atercourse w ithin each sub-catchm ent. 
This trend w as clearly dem onstrated in  Cardowan, w here m ost o f  the flood ing w as  
concentrated. A lthough significant sew er overflow s w ere observed in the upper areas 
due to lack o f  capacity, the overland flow s towards the lo w  spots next to Light Burn 
w ould  increase the risks there.
Discussion to stage 2
The risk o f  flood ing is greater in the low er part o f  the catchm ent. H ow ever, the 
housing developm ent density is also greater in Cardowan, w hich  lie s  in the low er  
portion o f  the catchm ent. This causes greater vulnerability to the housing areas in  
Cardowan. Furthermore, there are hardly any green spaces in the Cardowan 
subcatchm ent unlike Garthamloch and Skerryvore w hich causes w orsening o f
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flooding. This indicates the need for more even distribution of green spaces for the 
mitigation of flooding.
5.4 S T A G E  3: G R E E N  S P A C E  A S S E S S M E N T
Green spaces within the catchment were analysed and the preliminary analysis for 
SUDS sites was carried out in stage 3. First, in step 3a, distribution of various green 
space categories is identified in different parts of the catchment. Then quantitative 
analysis of the green spaces for Garthamloch, Skerryvore and Cardowan is described 
in step 3b, followed by identification of SUDS sites based on topographical analysis 
in step 3c. The typical green spaces in the three subcatchments (Garthamloch, 
Skerryvore and Cardowan) are presented in Appendix B3.
S tep  3a: C a teg o r ise  green  spaces
Green space is distributed unevenly in the catchment. There are more green spaces in 
the north, adjacent to the M8 motorway, than in the south in the Cardowan area. The 
largest green space area within the Light Burn catchment lies in the centre and is a 
popular park called Cranhill Park. Other green spaces are smaller areas distributed in 
various parts of the catchment. Overall layout of the green spaces is shown in Figure
5-8.
Figure 5- 8: The green space distribution in the Light Burn catchment
(Map source: Glasgow City Council)
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The overall green space categories identified in  the catchment are as fo llow s:
Parks. There are tw o parks developed in the catchment; one is central in the 
catchm ent (Cranhill Park), and the other in  the south o f  the catchm ent. The 
various activ ities offered by the park m ake it popular w ith  the local residents. 
The central location  o f  Cranhill Park also adds to its popularity for 
pedestrians. H ow ever, there are no water features, such as fountains, ponds or 
open watercourses, and although a watercourse flow s through it, it is culverted  
and hence inaccessib le.
Playgrounds. There are several local authority schools in the catchm ent, both 
primary and secondary. The schools have play areas, p itches and other grassed  
areas. The green spaces in the sch ool prem ises have very little biodiversity. 
W alking surveys found that there w ere no water features in and around the 
schools.
- Natural/ sem i natural. There are som e natural/semi-natural green spaces on  
both sides o f  the M 8 m otorway consisting o f  trees, shrubs and other 
vegetation.
A m enity green spaces. There is a large tract o f  grass in the north o f  the 
catchm ent in Garthamloch, w hich  provides little functional value. M uch o f  the 
am enity areas are not easily  accessib le and are distant from housing  estates. 
Incidental. Sm all green spaces w ith  residential and other land uses are present 
in  all sub-catchm ents to varying extents.
The overall green space inform ation is useful for analysing the connections o f  green  
spaces to potential S U D S  sites w ithin selected  sub-catchm ents.
Step 3b: Analyse detailed green space distribution
In this section, analyses o f  green space distribution o f  the three sub-catchm ents, 
Garthamloch, Skerryvore and Cardowan, are d iscussed.
Garthamloch
In Garthamloch, the green space totals 40 hectares. H ow ever, nearly 14 hectares are 
earmarked for future developm ents, and the rem aining 26  hectares are usable green  
spaces. The bulk o f  the green spaces, com prising 19 hectares, are in the form  o f
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am enity areas, as there are no form al parks in this sub-catchm ent. A  significant 5 .4  
hectares o f  incidental open spaces are also present, providing door step access to 
green areas. The play areas are very lim ited, consisting o f  on ly  2% o f  the overall 
green spaces. A  spatial plan o f  the green space is presented in A ppendix B 3 , Figure 1 
w h ile  the quantitative distribution o f  various green spaces is show n in Table 5-3.
Skerryvore
Skerryvore has a total green space area o f  14 hectares, w hich  includes parklands, 
am enity areas, incidental green spaces, playgrounds, and natural and semi-natural 
areas. The parkland constitutes nearly 27  per cent o f  the total green space, w ith an 
area o f  5.1 hectares. A m enity  areas are 38 per cent o f  the available green spaces and 
lie  m ainly in the v ic in ity  o f  m ulti-storey residential com plex at Soutra P lace (refer to 
A ppendix B3 Figure 6). Semi-natural and natural areas w ith w oodlands are present, 
adjoining the M 8 M otorw ay in the north o f  the catchm ent, and com prise 14% o f  the 
overall green spaces, w ith  an area o f  2 .2  hectares. A dditionally, a significant 17 % o f  
incidental am enity areas are also present w ithin  the housing and institutional areas in  
Skerryvore. The distribution o f  various green spaces is presented in Table 5-3.
Cardowan
O nly tw o per cent o f  the total catchm ent area is green space, accounting for 0 .76  
hectares out o f  the total area o f  49  hectares. H ow ever, there are green spaces located  
in the adjacent sub-catchm ent o f  Torphin. The spatial plan for the green space in  
Cardowan is show n in A ppendix B 3, Figure 11.
Overall distribution o f  various types o f  green spaces in the three sub-catchm ents are 
sum m arised in Table 5-3.
Table 5- 3: Distribution of green spaces in sub-catchments (area in ha)
Amenity Playgrounds Parks Incidental Natural/
Semi
Garthamloch 19.01 0.63 0 5.42 1.68
Skerryvore 5.8 0.4 5.11 2.61 2.33
Cardowan 0 0 0 0.44 0
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Step 3c Evaluate green space distribution in relation to water management 
potential
This section  presents a com parative analysis to assess the opportunities for storm  
water m anagem ent based on the position  o f  green spaces w ithin the catchm ent. The 
quantitative distribution o f  green spaces varied across the sub-catchm ents. The 
analysis show ed that less than 2% o f  the green space w as present in the Cardowan  
sub-catchm ent, w h ile  green spaces form ed nearly 20%  o f  the areas in Skerryvore and 
Garthamloch. Therefore, there are am ple opportunities for planning o f  S U D S in  
Garthamloch and Skerryvore, but little opportunity in Cardowan.
Skerryvore sub-catchm ent provides m axim um  opportunities for SU D S . For exam ple  
the 5.1 ha Cranhill Park located beside the culverted watercourse w hich  w ould  be a 
useful site for regional S U D S such as ponds and detention basins. H ow ever, no such  
m ultifunctional parks are present in Gartham loch, although there are am enity areas 
w here S U D S could be potentially located as sh ow n  in Table 5-4.
W ithin the housing estates, green space distribution affects the potential for storm  
water m anagem ent. Greater linear green spaces within housing areas, as in  
Garthamloch, not on ly  provide greater perm eability (perm eability refers to the extent 
to w hich  urban form s perm its or restricts the m ovem ent) for pedestrians but also  
opportunities for sw ales. Garthamloch provides m axim um  space for sw ales, fo llow ed  
by Skerryvore. There are no public green spaces for sw ales in Cardowan and, hence, 
it is d ifficult to consider sw ales in the sub-catchm ent (refer to Table 5-4).
Greater presence o f  incidental green spaces cou ld  facilitate developm ent o f  detention  
basins in Garthamloch and Skerryvore. In Skerryvore, conveyance to the basins w ill 
need to be through storm  water pipes as there are no com m unal spaces for sw ales. 
H ow ever, Garthamloch offers greater potential for basins as connecting sw ales w ould  
be developed  through linear com m unal green spaces present in the sub-catchm ent. 
The options for S U D S  developm ent in the sam ple sub-catchm ents is d iscussed  in the 
next section. A  summ ary o f  opportunities for S U D S is provided in Table 5-4.
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opportunities can be 
useful for local 
attenuation but not 
regional as they are 
not located near 
watercourses
(G reen space layout in the three sub-catchm ents presented in A ppendix B 3)
D iscu ss io n  to stage 3
The amounts o f  green spaces w ere related to the potential for developm ent o f  SU D S  
in  an area. For exam ple, there is little S U D S potential in Cardowan w hilst 
Garthamloch and Skerryvore present am ple opportunities. Larger green spaces such  
as parks and large am enity areas as present in Garthamloch and Skerryvore provide 
opportunity for regional SU D S such as ponds and detention basins.
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The green space in  Torphin in accessib le for residents in Cardowan Road, but cannot 
be used for storm water attenuation o f  runoff from Cardowan sub-catchm ent as it lies  
outside the sub-catchm ent on  the opposite side o f  the Light bum . Stage 3 application  
o f  the fram ework show s that although a green space can be accessib le and m ay be 
suitable for recreation but m ay not be useful for S U D S unless present w ithin  the sam e  
sub-catchm ent or other hydraulically feasib le locations. Previous research into green  
spaces planning by G iles-C orti et al. (2005), Fuller et al. (2007), Dunnett et al. (2002)  
have em phasized the importance o f  accessib ility  and recreation, but this investigation  
show s exam ples w here recreation can or cannot be integrated w ith SU D S . Such  
integrated considerations have been used for planning SU D S options and are 
described in detail in  Stage 4.
5.5 STAGE 4: PLANNING INTEGRATED SUSTAINABLE DRAINAGE 
OPTIONS
This section describes various SU D S options w ithin the selected  sub-catchm ents. 
Steps 4a and 4b deal w ith storm water and recreational aspects respectively  o f  SU D S  
options. Plans for the various options as w ell as calculations o f  storage and treatment 
volum es o f  SU D S are presented in A ppendix B 4. Schem es w ere not proposed for 
Cardowan as GIS plans and site investigations show ed lack o f  sufficient space for 
im plem entation o f  S U D S  and w ill not be d iscussed  further.
Step 4a Plan SUDS Options - Storm water aspects
This section  deals w ith  quantitative storm water planning aspects related to various 
proposed SU D S options. The plans relating to various S U D S options are also  
presented w ith  each option. Site v isits  were also undertaken to confirm  the 
topography, as w e ll as accessib ility , o f  various options.
Garthamloch
Five SU D S options are considered in the Garthamloch sub-catchm ents. This section  
discusses storm water issues associated w ith each option.
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Option 1: One pond at Inishail Road
Two contributing areas (GCA2 and GCA3 as shown in Figure 5-9) totalling 11 
hectares would drain this pond located at Inishail Road. GCA2 is served by combined 
sewers while GCA 3 is served by separate sewers. The separately sewered areas can 
be directly connected to SUDS while the combined sewered areas would need 
disconnection into storm sewers or swales before they could be connected to the pond. 
In case of development of swales or storm sewers, existing combined sewers can be 
used for foul flow. Visits confirmed that site conditions for the pond, including access 
for works and the local topography, are favourable. There was no long term volume 
proposed for this SUDS option. Schematic plan for the option is shown in Figure 5- 9.
Figure 5- 9: Plan for Garthamloch SUDS option 1 (pond)
(Map source: Glasgow City Council)
Option 2: One wet basin at Inishail Road
An end of pipe wet detention basin would be served by the same contributing area as 
Option 1. The basin is proposed at the same site (refer to Figure 5-9) as the pond in 
the previous option. The site beside the basin would be used as part of this proposal 
for storage of long term volume. The long term storage area would be mobilised when 
the peak flow exceeds 10 year return period flows. This option utilises 10% of the 
developed area for contributing towards long term storage volume. Schematic plan for 
the option is shown in Figure 5-10.
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Figure 5- 10: Plan for Garthamloch SUDS option 2 (wet basin)
(Map source: Glasgow City Council)
Option 3: Two Ponds: one at Inishail Rd. and another adjacent to Gartloch Rd.
The total areas contributing to the two ponds are the same as in the previous two 
options. The proposed ponds would be served by the combined sewers and separate 
sewers of the contributing areas. The separate sewer areas could be directly drained 
into the pond, while the areas serving the combined sewer would need disconnection 
from them. Once the areas are disconnected then they could convey the runoff into 
swales or storm water sewers which would need to be developed in this sub­
catchment. Schematic plan for this option is shown in Figure 5-11.
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Storm water manhole 
Combined sower manhole 
Storm water sewer 
Combined sewer 
SUDS Connections 
Gartharrtoch Contributing area2 
Garthamloch Contributing area 3 
SUDS
Figure 5-11: Plan for Garthamloch SUDS option 3 (Two ponds)
(Map source: Glasgow City Council)
Option 4: Two detention basins: at Inishail Rd. and adjacent to Gartloch Rd.
The contributing sub-catchments for the basins would be the same as in Option 3. 
Although the SUDS features selected are different, the sites are the same and 
therefore the conditions for access and topography would be same as that for Option 
3. The total developed area of 23% would contribute to the attenuation volume, while 
8% of the developed areas would contribute to the long term storage volume. 
Schematic plan for this option is shown in Figure 5-12.
GarthamSoch contributing a
Garthamloch contributing area 2
Figure 5- 12: Plan for Garthamloch SUDS option 4 (Two dry basins)
(Map source: Glasgow City Council)
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Option 5: Two ponds: one at Inishail Rd. and another adjacent to Coxton Pl.
These proposed ponds would provide attenuation volume for 80% of the sub­
catchment. Currently, combined sewers serve most of the proposed option and would 
require disconnection in surface water systems. The attenuated flow from the outlet 
could then join the surface water system beside the motorway as shown in Figure 5- 
13.
Figure 5- 13: Plan for Garthamloch SUDS option 5 (Two ponds)
(Map source: Glasgow City Council)
Summary
SUDS design factors associated with each option are summarised in Table 5-5 while 
the proportion of developed areas contributing towards attenuation volumes and long 
term volumes are shown in Table 5-6. The input parameters and the calculations 
involved are shown in Appendix B4.
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(ha) (n r3) (m J) (n r3)
1 O n e  pond 11 1601 1161 3923
2
O n e  w et 
basin
11 1155 1161 2316
3 T w o  ponds 7 1019 739 2497
4 582 422 1427
4
T w o  dry 
basins
7 735 822 1557
4 420 422 842
5 T w o  ponds 27 3929 2850.3 9629.8
11 1600.7 1161.2 3923.2
(D esign  parameters and calculations o f  alternative options in A ppendix B 4)
Table 5- 6: Proposed proportion of developments contributing to attenuation and long term
volumes
Proportion o f deve loped  
contributing to attenuation  
vo lu m e (% )
Proportion o f developed  
contributing to long term  
vo lu m e (% )
O ption 1 23 0
O ption 2 23 10
Option 3 23 11
O ption 4 23 8
Option 5 08 7
Skerryvore
A  number o f  options for retrofit SU D S w ere considered for the sub-catchm ent. The 
options com prise potential SU D S in the Cranhill Park. The sites for retrofit SU D S  
w ere identified based on GIS data and site v isits undertaken by the author. This 
section  d iscusses storm water issues associated  w ith  each option.
Option 1: A Pond in Cranhill Park
The pond w ould  be located in the southern part o f  the Cranhill Park near the entrance 
and w ould  be accessib le from Edinburgh Road. A s the site is located at the 
downstream  end o f  the sub-catchm ent, it w ould  serve as an end o f  pipe attenuation  
control for the sub-catchm ent. The outlet o f  the pond w ould  be connected to the Light 
B um , w hich  runs adjacent to the site. O verflow s from the pond w ould  be attenuated in
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a long term storage area, which would be designed to handle contribution from 70% 
of the developed areas. The plan for this SUDS scheme is shown in Figure 5-14.
Figure 5- 14: Plan for Skerryvore SUDS option 1 (Pond)
(Map source: Glasgow City Council)
Option 2: A wet detention basin in Cranhill Park
As an alternative to the previous scheme, option 2, comprising an end of pipe wet 
detention basin, is proposed. This site would have the same contributing area and the 
outflow would connect to the watercourse. The basin would be designed for 10 year 
return period attenuation serving the whole subcatchment while 40% of impermeable 
area would contribute to the long term volume. The design parameters associated with 
this option are shown in Table 5-8. A schematic plan is shown in Figure 5-15.
Figure 5- 15: Plan for Skerryvore SUDS option 2 (wet basin)
(Map source: Glasgow City Council)
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Option 3: A dry detention basin at Skerryvore Place
A dry basin in central Cranhill Park is proposed as the third option. According to this 
option only the northern part of the sub-catchment would be draining to SUDS, while 
the southern part would continue to drain to the existing combined system. The basin 
would be designed with a high level weir so that overflows can be diverted in a long 
term attenuation area, releasing 2 litres/s/ha into the watercourse. Long term storage 
would be designed for 30% of the sub-catchment. Schematic plan for this option is 
shown in Figure 5-16.
Figure 5- 16: Plan for Skerryvore SUDS option 3 (Dry basin)
(Map source: Glasgow City Council)
Option 4: A wet detention basin at Skerryvore and a pond at Cranhill Park
A wet detention basin is proposed at the centre of Cranhill Park as part of this option. 
This scheme would provide two levels of attenuation and treatment, and would have a 
contributing area of 24 ha. Overflows from the basin would be accommodated into a 
long term storage area (designed for 20% of contributing area) and drain into the 




Figure 5- 17: Plan for Skerryvore SUDS option 4 (Wet basin)
(Map source: Glasgow City Council)
Option 5: Two wet basins and one pond at Cranhill Park
The basins are proposed to intercept runoff from two contributing areas. They would 
be located in the centre and south of the park respectively, and would drain into a 
pond. The basins are designed for 10 years return period events, while the pond would 
provide attenuation for exceedance of up to 30 year return period events. A long term 
volume for up to 10% of the contributing areas is attenuated upon overflow (after 
reaching 30 year peak flow) through a weir arrangement in Cranhill Park. Schematic
Figure 5- 18: Plan for Skerryvore SUDS option 5 (Two basins and a pond)




SU D S design  factors are sum m arised in Table 5-7, w hile  Table 5-8 provides the 
proportion o f  developed  areas contributing to attenuation and long term storage 
volum es.













(ha) (n r3) (fn3) (n r3)
Option 1 O n e  pond 34 5 0 0 3 3 6 2 9 1 2 2 6 2
Option 2
O n e  w e t 
basin 34 3 6 1 0 3 6 2 9 7 2 3 9
Option 3
O n e  dry 
basin 2 4 2 5 2 0 2 5 3 4 5 0 5 4
Option 4
O n e  w et 
basin 2 4 2 5 2 0 2 5 3 4 5 0 5 4
Option 5 T w o  basins 24 2 5 2 0 2 5 3 4 5 0 5 4
10 115 5 1161 2 3 1 6
(D esign  parameters and calculations o f  alternative options in A ppendix B 4)
Table 5- 8: Proposed proportion of developments contributing to Attenuation and Long Term
volumes
Proportion of d eveloped  
contributing to A ttenuation  
V o lu m e  (% )
Proportion o f deve loped  
contributing to Long T erm  
V o lu m e  (% )
Option 1 100 80
Option 2 100 40
Option 3 70 30
Option 4 70 20
Option 5 100 10
Step 4b Assess recreation potential
V arious indicators defined in chapter 4 w ere used to study the potential for recreation  
and are described here.
Garthamloch
Option 1: One pond at Inisltail Road
The location  o f  the proposed pond provides lim ited scope for recreation. H ow ever, the 
pond could have good  aesthetics, w hich  w ould  encourage som e w alking and seating  
at the facility. The p assive security o f  the site w ould  be lo w  as it w ould  be located on  
the periphery o f  the housing estate. D evelopm ent o f  a pond on the site could further
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enhance the b iodiversity o f  the region. SU D S pond w ould  introduce habitats for 
aquatic and sem i-aquatic w ild life  (CIRIA 2000) into the Garthamloch area w hich  
currently offers on ly  the opportunities for terrestrial w ild life .
Option 2: One wet basin at Inishail Road
A s the proposed site is the sam e as in the case o f  the first option, it w ill have lim ited  
access and lo w  p assive security. Its potential for m ultip le-use w ould  also be lim ited, 
although the basin  could be designed  as an am enity area.
The proposed w et basin w ould  have good eco log ica l potential. V egetation  could  
com prise grasses, shrubs and som e trees. Som e presence o f  water during storm events  
w ould  encourage greater diversity o f  plants at the bed o f  the basin.
Option 3: Two Ponds: one at Inishail Rd. and another adjacent to Gartloch Rd.
Both ponds are accessib le, as they are located near roads and are on public land. The 
pond at Gartloch Road w ould  have a high am enity value as it is located in the central 
location  o f  a housing estate. This location has higher connectivity w ith  houses, 
schools, green spaces and has good  potential for m ultiple-uses, such as w alking, 
sitting, p icnic areas and fishing. The site w ould  provide good  passive surveillance for 
the safety o f  the users. The other pond site located at Inishail Road is situated towards 
the outer part o f  the housing estate and does not provide good passive surveillance. 
The second  site w ould  not offer good  connectivity and access to residents.
The tw o ponds w ould  enhance the eco log ica l potential o f  the sites. V egetation , such  
as trees, shrubs, grasses and aquatic plants, could  be prom oted at the sites. T hese areas 
w ould  also attract a variety o f  w ild life , including fish , amphibians, reptiles, birds and 
m am m als.
Option 4: Two detention basins: one at Inishail Rd. and another adjacent to 
Gartloch Rd.
W et detention basins at the proposed sites w ould  provide sim ilar am enity benefits. 
H ow ever, due to the lack o f  a su fficien tly  large v isib le  water feature, there w ould  be a 
reduced am enity value. Facilities for w alking and seating could also be developed  at
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the sites. The basins w ould  have less eco logica l potential than the ponds as the type o f  
vegetation  and w ild life  w ould  m ainly be terrestrial.
Option 5: Two ponds: one at Inishail Rd. and another adjacent to Coxton Pl.
The proposed ponds w ould  provide m ultiple benefits. Lying in the green corridor 
along the m otorw ay, they w ould  enhance biodiversity in  the area. D en se vegetation  
around the pond w ould  help to conceal the m otorw ay and encourage w alk ing along  
the banks o f  the pond. H ow ever, safety perception w ould  be an important concern due 
to ex istence o f  low er p assive surveillance and the hazard o f  permanent p oo ls o f  water.
Skerryvore
Option 1: Pond in Cranhill Park
The proposed pond site w ould  provide a high am enity value. A s the site is located at 
the entrance o f  an already popular park w ith high connectivity, it can be developed as 
a m ulti-use site, w ith  w alking, seating, p icnicking, p laying and fish in g  facilities. 
Situated at the entrance to the park, the location  also provides a good  amount o f  
passive surveillance.
This option w ould  also enhance the biodiversity o f  the park. D evelopm ent o f  the pond  
w ould  add aquatic and semi-terrestrial vegetation  to the site, w h ich  currently 
com prises m ainly trees and grasses w ith som e shrubs.
Option 2: Wet detention basin in Cranhill Park
A lthough a w et basin  w ould  have sim ilar passive security and connectiv ity  to the site, 
it w ould  have reduced appeal due to lack o f  water visib ility . The site is w ell 
connected, w ith  footpaths to neighbouring housing  estates and to Edinburgh Road. It 
could also have som e m ultiple use facilities for playing, w alking and seating.
The basin  w ould  encourage growth o f  various types o f  vegetation  and w ild life . A  w et 
basin w ould  provide a good  environm ent for aquatic and sem i-aquatic plants and 
anim als, as w ell as terrestrial species. The site w ould  have three types o f  ecosystem s: 
water, marsh and soil.
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Option 3: Dry detention basin near Crowlin Crescent
A  dry detention basin at C row lin  Crescent w ould  have a low  aesthetics. H ow ever the 
site has high accessib ility  and connectivity to housing and institutional areas. It is 
proposed for m ultifunctional use for attenuation and as a play area. The site provides 
good  passive surveillance as it is located in the vicin ity  o f  the housing estate.
The existing eco log ica l status w ould  not change as a result o f  the proposed dry basin. 
H ow ever, additional planting o f  trees and shrubs w ould  enhance the b iodiversity o f  
the site.
Option 4: A wet detention basin near Crowlin Crescent
A  w et basin located at the central part o f  the sub-catchm ent w ould  provide good  
am enity and aesthetic value to the park. The site for the basin is w ell connected w ith  
B edrock  Street and, hence, w ould  facilitate easy access for m aintenance and 
recreation. This basin cou ld  prom ote a variety o f  native plant growth and related 
w ild life . The site w ould  be lim ited passive surveillance due to its distance from  
nearby buildings.
Option 5: Two wet basins and one pond at Cranltill Park
T w o w et detention basins and a pond at Cranhill w ould  significantly enhance the 
recreational opportunities in the sub-catchm ent. The am enity benefits o f  the schem e  
for pond w ould  be sam e as option 1. In addition the schem e w ould  provide the 
additional am enity benefits o f  the w et detention basin at Skerryvore Place. One basin  
site ly ing  in the centre o f  the park w ould  be connected  to B edrock Street, w hile the 
other basin w ould  be accessib le from Crow lin Crescent. Therefore, the site w ould  
have m ultiple uses, such as w alk ing, seating, and playing.
The proposed option w ould  create significant eco log ica l opportunities. The schem e  
w ould  encourage aquatic, sem i-aquatic and terrestrial plants and anim als. It w ould  
also enhance developm ent o f  a green network to link the park and the housing estate; 
thereby creating more opportunities for species growth in the catchment.
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Discussion to stage 4
There are various possib ilities for planning o f  S U D S  within subject sub-catchm ents. 
The options present in parks provide opportunities for linking w ith  park activities 
w hile  SU D S options in residential areas provide opportunities for local recreation. 
This approach o f  S U D S  planning w hich entails linking it to the surrounding context 
w ould  also fu lfil the p o licy  requirements set out in PPS 17 and SPP.
The lack o f  green spaces in Cardowan indicates the need for developm ent o f  more 
green spaces during future redevelopm ents in  the area. This w ill create possib ilities  
for integrated storm water m anagem ent in the sub-catchm ent and further reduce the 
risk o f  flooding.
5.6 STAGE 5: HYDRAULIC EVALUATION OF SUDS OPTIONS
The effect o f  retrofit S U D S w as m odelled for tw o sub-catchments: Garthamloch and 
Skerryvore are presented here. A s no SU D S options were feasib le in Cardowan, there 
w as no hydraulic evaluation carried out. Step 5a describes the m odel m odifications 
carried out to study several scenarios based on the options developed  in stage 4. 
R ainfall data used for running the m odel is provided in step 5b w hile  5c illustrates the 
reduction o f  30 yr peak flow s in com parison to existing 30 yr peak flo w s o f  several 
S U D S  options and optim um  scenarios. Hydrographs representing reductions o f  peak  
flow s for 10, 30 and 2 0 0  yrs are presented in A ppendix B5.
Step 5a Model modifications to represent SUDS options
The hydraulic m odel used in stage 2 w as m odified  to represent the e ffect o f  retrofit 
SU D S. Storage and treatment volum es as determ ined in stage 4 w ere added to the 
disconnected  sub-catchm ents to indicate the im pact o f  SU D S. Separate versions were 
developed  for each S U D S  option to analyse the benefits o f  providing attenuation  
storage.
Garthamloch
Five variations for the m odel for Garthamloch w ere created to represent the SU D S  
options. The com bined sew er areas o f  Gartham loch w as d isconnected  from the 
existing  system  and connected to the m otorw ay storm drainage. Storage nodes were 
selected  to represent the ponds and basins. The ou tflow  from the S U D S  w as throttled
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using orifice to reduced values as show n in Table 5-9. The overflow  from the SU D S  
d evices w ere connected  to long term volu m e storage using overflow  w eirs. The 
storage in these long term storage areas m obilised  only during extrem e events w hen  
overflow  weirs o f  S U D S  becam e operational. The discharge from  the long term flo w  
into the receiving w as also restricted using levels
Table 5- 9: Calculations for individual SUDS Options in Skerryvore
Model Option 1 2 3 4 5
Pond Wet basin Pond 1 Pond 2 Basin 1 Basin 2 Pond 1 Pond 2
SUDS
discharge (l/s) 81 81 51 29 51 29 198 81
LTV
discharge (l/s) 0 10 8 3 4 4 48 19
Skerryvore
Five variations o f  the S U D S m odel were developed  for Skerryvore to represent the 
five  options identified in section  5-5. The representation o f  S U D S and outflow  and 
overflow  arrangements were sim ilar to that in  Garthamloch. The lim iting discharge 
from  SU D S and the long term storage area for the options in Skerryvore are 
represented in Table 5-10 .
Table 5- 10: Calculations for individual SUDS Options in Skerryvore














252.0 252.0 175.9 175.9 175.9 73.3 252.0
LTV discharge 
(l/s)
55.0 27.5 20.6 13.8 6.9 6.9 0.0
Step 5b Running simulations
The m odified  m odel w as run against 10, 30 and 200  years design  storm s o f  various 
return periods. The critical duration return period w as established after exam ining the 
flood ing  from various events i.e. 15 m in, 30 m in, lhr, 2hr, 3hr, 6hr, and 12 hr. Peak  
flo w s w ere determ ined for 10, 30 and 200 yrs critical events.
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Step 5c Comparisons of current peak flows and SUDS options
The results were studied to assess the possib le release in sewer capacity (enhancem ent 
o f  capacity due to d isconnection  o f  runoff from  the sew er system ) as w ell as a 
decrease o f  flood ing at the catchm ent scale. A  com parison o f  ex isting  peak flo w s w ith  
that from various S U D S scenarios is presented in Figure 5-19 and Figure 5-20  for 30 
yr return period events.
Garthamloch
The com parative hydrographs show  that O ption 5 produced low est peaks. This is due 
to the m axim um  contribution o f  im perm eable area to SU D S for this Option (70  % o f  
the total im perm eable area) w hile contribution o f  imperm eable areas in other options 
(23 % o f  the total im perm eable area) are m uch lower. This is show n in Table 5-6 in 
section  5.5.
A nalysis o f  the hydrograph show ed low er sensitiv ity  to type o f  SU D S in  various 
S U D S options but show ed more sensitiv ity  to peak flo w  reduction for higher return 
periods. For exam ple, hydrographs for option 1 and 2 were sim ilar (refer to Figure 5- 
19). The m odel how ever show ed m axim um  sensitiv ity  betw een the am ounts o f  area 
disconnected w ith the attenuation volum e (refer to Figure 5 -19). W hen the area 
serving SU D S increased to becom e m ore than two-thirds the peak flo w  also reduced  
approxim ately by sim ilar proportions (O ption 5). The results for attenuation volu m es  
show ed sensitivity to the amount o f  contributing areas disconnected. A nalysis o f  long  
term volum es show ed low er sensitiv ity  to the changes in flo w  hydrograph. For 
exam ple, the 200  yr hydrograph (refer to A ppendix B5 Figure 3) long term storage 
did not show  a significant reduction in flo w  in relation to the increased area 
contribution, how ever the hydrograph did sh ow  changes in the profiles causing peak  
flo w  for reduced durations.
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Figure 5- 19: Flow hydrographs of various SUDS options for the critical event of 30 yr 120min in 
Garthamloch
Skerryvore
All options show significant attenuation in the case of Skerryvore as a significant part 
of the impermeable areas for all the options are contributing to SUDS. In Options 1, 2 
and 5, a hundred percent of impermeable area in the sub-catchment is connected to 
SUDS, while for Options 2 and 3, seventy percent of the impermeable area is 
connected to proposed SUDS.
The hydrograph shows lower sensitivity to the type of SUDS but showed more 
sensitivity to peak flow reduction for higher return periods. The hydro graph also 
showed more sensitivity between the amount of area disconnected with the 
attenuation volume (refer to Figure 5-20). The area was decreased in Option 3 and 4 
in comparisons to Options 1, 2 and 5 by 30% and the results show an increased peak 
flow of about 13%. The results for attenuation volumes showed sensitivity to the 
amount of contributing areas disconnected. Analysis of the hydrographs for changes 




Figure 5- 20: Flow hydrographs of various SUDS options for the critical event of 30 yr in 
Skerryvore
D iscu ssio n  to stage 5
SUDS options developed by disconnecting larger contributing areas generated more 
flood attenuation. For example, option 5 in Garthamloch provided maximum flood 
attenuation as significant portion of the impervious areas is proposed to be 
disconnected. In Skerryvore, most of the options have similar contributing areas and 
hence similar attenuated flow rates.
5.7  S T A G E  6: IN T E G R A T E D  E V A L U A T IO N  O F  S U D S  O P T IO N S
The SUDS options developed in stage 4 and tested in stage 5 are evaluated in this 
section. It comprise of two steps: 6a and 6b, where 6a describes integrated scoring of 
SUDS options and 6b describes selection of final preferred option. The steps for 
evaluating integration of SUDS with green space planning are described below for 
each sub-catchment.
Step 6a S co rin g  o f  S U D S op tion s
The various options, identified in stage 4, for planning of retrofit SUDS are scored, 
using the evaluation matrix developed in Chapter 4. This matrix comprises recreation 
and storm water indicators for integrated evaluation of the alternatives, the scoring 
mechanism shows the sensitivity of scores to changes in location of SUDS, types of 
SUDS and size of SUDS (increasing contributing areas). The calculations and 
explanations for the scoring are provided in Appendix B6. The scores for the two sub­
catchments are summarised in Table 5-11 and Table 5-12.
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Table 5-11: Application of integrated scoring matrix for retrofit SUDS options in Garthamloch
(C alculations for obtaining the scores in A ppendix B 6)
O p tio n  N o . 1 2 3 4 5
In d ic a to rs
A ccess 0 .6 0 .6 1.8 1.8 0 .6
W a te r  visibility 2.1 1.4 2.1 0 .7 2.1
A esthetics 2.1 0 .7 2.1 0 .7 2.1
passive security 0 .6 0 .6 1.8 1.8 0 .6
M ulti-purpose 1.6 1.6 1.6 0 .8 1.6
S afety 0 .8 1.6 0 .8 2 .4 0 .8
O w nersh ip 2.1 2.1 2.1 2.1 2.1
Flood return period 5.1 3 .4 5.1 3 .4 5.1
A ttenuation  vo lum e 1.6 1.6 1.6 1.6 4 .8
Long term  storage 1.6 1.6 1.6 1.6 4 .8
total score 18 .2 15 .2 2 0 .6 16 .9 2 4 .6
___________T
Preferred solution
Table 5- 12: Application of integrated scoring matrix for retrofit SUDS options in Skerryvore
(C alculations for obtaining the scores in A ppendix B 6)
O p tio n  N o . 1 2 3 4 5
In d ic a to rs
A ccess 1.2 1.2 1.2 1.2 1.2
W a te r  visibility 2.1 1.4 0 .7 1.4 2.1
A esthetics 2.1 1.4 0 .7 1.4 2.1
passive security 1.2 1.2 1.2 1.2 1.2
M ulti-purpose 2 .4 2 .4 2 .4 2 .4 2 .4
S afety 0 .8 1.6 2 .4 1.6 0 .8
O w nersh ip 2.1 2.1 2.1 2.1 2.1
Flood return period 5.1 3 .4 3 .4 3 .4 5.1
A ttenuation  vo lum e 4 .8 4 .8 4 .8 4 .8 4 .8
Long term  storage 4 .8 3 .2 1.6 1.6 1.6




Step 6b Final preferred SUDS scheme
This section  evaluates the various preferred options as identified in step 6a. The final 
options w ere selected  based on the scores o f  the options in the earlier step.
Garthamloch
The five options were com pared and evaluated for the various attributes o f  their 
indicators. The com parisons o f  scores show ed that Option 5 w as the preferred option  
on account o f  having m axim um  score due to favourable attributes o f  m ost indicators 
(Refer to Table 5-11). It com prised o f  tw o ponds attenuating m axim um  im perm eable 
areas. M ost options received  low er scores due to lo w  recreational values o f  detention  
basins; how ever option 3 com prising a pond option w as allotted a sim ilar recreational 
score to option 5 due to sim ilar attributes but a low er storm water score on account o f  
low er attenuation potential.
The proposed solution com prises two ponds in the southern part o f  the sub-catchm ent. 
Both ponds w ould  require disconnection  o f  com bined sewer areas. The proposed  
drainage pattern for the solution is show n in Figure 5-21. A  photograph o f  the 
proposed location  o f  the pond (Pond 2) at Inishail Road is presented in Figure 5-22. 
Pond 2 o f  the proposed solution  w ill be accessib le through a footpath as show n in  
Figure 5-22 , how ever there is no existing road for w ider accessib ility . A s the pond lies  
in an isolated  area (behind the housing estate on Inishail R oad).this option w as g iven  
a lo w  score for accessib ility  indicator. D ue to v isib ility  o f  water and com plex  
vegetation  structure it w ill have a higher am enity value. A s the depth o f  water in the 
pond w ill be more than lm  there w ill be a higher perceived risk o f  safety, but the 
design  specifications should ensure m inim isation o f  this risk. The ponds should also  
encourage native vegetation  and provide a variety o f  habitats to prom ote more 
w ild life .
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Figure 5- 21: Plan of the preferred option in Garthamloch
(Map source: Glasgow City Council)
Figure 5- 22: Site of the proposed Pond 2 in Garthamloch (shown by arrow)
(Source: Google Street view)
Skerryvore
Option 1 was the most preferred solution among the five options in Skerryvore 
(shown in Table 5-10). Option 1 provides greater disconnection of impermeable areas
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(Table 5-12) as well as higher recreational scores to Options 2, 3 and 4 which are 
associated with detention basins. Option 5 comprising of a pond and two detention 
basins received the second highest scores but was score lower than option 1 due to its 
lower long term storage.
Option 1 comprises of a pond in the Park beside the culverted watercourse, Light 
Burn. The housing estate north of Bedrock Street as well as the area south of Bedrock 
Street would drain into the pond. The flow from the pond would drain into the Light 
Burn watercourse. Overall layout of the SUDS scheme is illustrated in Figure 5-23.
Figure 5- 23: Plan of the preferred option in Skerryvore
(Map source: Glasgow City Council)
The presence of the pond near the entrance to the park would be a significant 
attraction. Recreational activities, such as walking and playing in the park, would be 
boosted by the increased attention of the neighbouring residents. The roadside 
location of the pond would provide good passive security as well. Provision of 
benches around the pond would enable the residents to relax and enjoy the beauty 
associated with the pond wildlife.
The proposed pond in Cranhill Park offer significant biodiversity opportunities. 
Cranhill Park is currently planted mainly with mown grass, with some trees and 
patches of other herbaceous vegetation which offers limited habitat potential. Once a 
pond is developed in the park, it would provide a habitat for a variety of aquatic plants 
and animals. The presence of the green corridor would cause dispersion of species in
132
Chapter 5
the catchment, thus further enhancing the biodiversity and amenity of the area. A 
photograph of the site in Figure 5-24E rror! R eferen ce  sou rce n ot fo u n d , shows that 
it already has some vegetation.
Figure 5- 24: Location of proposed Pond in Cranhill Park (shown by arrow)
(Source: Google Street view)
D iscu ssio n  to stage 6
Indicator values in Table 5.7 represented that a variation of SUDS schemes so that the 
sensitivity of the scoring system could be assessed. Two indicators water visibility 
and safety have three attribute variations while four recreational indicators had two 
attribute variations. One indicator, ownership was not varied as all SUDS options 
were located on public land. Private land was not considered as they were fragmented 
into house gardens which were smaller than the size required for the proposed basins 
and ponds. Each of the storm water management indicators had two attribute 
variations as limited sites were suitable for the planning of SUDS.
The selected option for Garthamloch had higher storm water scores than other 
options. Similarly, in Skerryvore sub-catchment option 1 which had higher storm 
water scores was selected as the preferred option. Further, as each storm water 
indicator had a higher normalised weighting than recreational indicators options with 
higher storm water indicator scores were more likely to become the preferred options.
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In Gartham loch storm water m anagem ent indicator score w as higher than recreational 
scores for three options: Option 1, 2 and 5. H ow ever, for options 3 and 4, the total 
recreational scores w ere higher than the storm water m anagem ent scores.
Sensitiv ity  assessm ent o f  the recreational and storm water indicators is carried out in 
section  7-3. Total recreational and storm water scores have been com pared for 
existing  scenarios as w ell as the potential scenario o f  increasing and decreasing the 
scores by 10% and 20% . The developm ent o f  several options w as itse lf  carried out to 
study the sensitiv ity  o f  all indicators. Section  7-5 d iscusses the sensitivity o f  existing  
indicators both recreational and storm water towards m axim ising the total scores in 
the four options o f  the tw o sub-catchm ents studied.
The scoring tool provided a m ethod to evaluate the various parameters for each  
option. This m ethod also provides an opportunity for balancing the am enity  
requirements o f  urban planning w ith the needs o f  storm water m anagem ent. This is  in  
contrast to the previous SU D S planning approach where evaluation o f  recreational 
criteria w as not adequately defined and hence often resulted in non aesthetic SU D S  
w ith little recreational value as noted by Ferguson (1991).
5.8 DISCUSSION
The catchm ent show ed good  overall potential for integrated planning o f  storm water 
m anagem ent. W hile Skerryvore and Garthamloch, w ith  a significant am ount o f  open  
spaces, provided good  opportunities for retrofitting SU D S w ithin the sub-catchm ents, 
there w ere no opportunities for the sam e in Cardowan. Site analysis also show ed that 
there could be recreational and associated biodiversity benefits from these schem es.
The risk o f  flood ing in the three sub-catchm ents (described in section  5.3) w as 
associated w ith land use distribution. A  low er proportion o f  green spaces in the low er  
reach o f  the catchm ent caused greater risk and vulnerability to flooding. In Cardowan, 
there are n eglig ib le green spaces, w hilst in Skerryvore and Garthamloch, w here the 
risk o f  flood ing is lower, there are substantial green spaces. Therefore, the distribution  
o f  green spaces is not water com patible. Planning for future regeneration, therefore,
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should focus on creating green spaces w ithin Cardowan in order to further reduce the 
risk o f  flooding.
A ssessm ent o f  green spaces (d iscussed  in  section  5 .4) in  the catchm ent show s various 
p ossib ilities for integrating SU D S and recreational opportunities. The evaluation  
matrix show n in step 3d o f  section  5.4 also show ed that som e green spaces w ere more 
useful for planning retrofit S U D S than others. The matrix show ed the variation in 
SU D S planning opportunities based on distribution o f  green spaces as w ell as quantity 
o f  green spaces. For exam ple, Skerryvore w ith  a public park in lo w  ly ing area 
downstream  o f  housing estate show ed m axim um  opportunities for integrating SU D S  
sites and recreational planning w hile  there w ere little opportunities for SU D S sites in 
Cardowan.
Planning o f  S U D S options in section  5.5 show ed they have different recreational 
attributes considered at the design  stage. A t this stage various types o f  integration  
approaches can be conceived. For exam ple, in Garthamloch sub-catchm ent option 1, 
the pond w as conceived  as m ainly for storm water m anagem ent and ecologica l 
functions, how ever in Skerryvore option 1, the pond w as conceived  w ith additional 
benefits such as paths for w alking, seating areas, and m eeting areas.
R esults from  the hydraulic m odel analysis (described in section  5 .6) show ed a 
variation in peak flo w  reduction according to the am ount o f  storage provided and the 
return period m itigation. This reduction o f  peaks w as more prom inent w hen  there is 
significant increase in the areas contributing to S U D S as show n in Figure 5-19  
(show ing significant reduction in peak flo w  for S U D S option 5 in com parison to other 
options).
A nalysis in  section  5.7 indicated that the evaluation tool d iscussed  in chapter 4  
indicates potential for evaluating various SU D S in order to arrive at a m ore holistic  
SU D S option. This w as illustrated in Table 5-11 and Table 5-12, w hich  sh ow  that the 
final score for each SU D S option w as sensitive to the various recreational and storm  
water m anagem ent indicator scores. H ow ever, the final scores selected  in Table 5-11 
and 5-12  show s greater sensitivity towards changes in storm water m anagem ent 
indicators. This w as due to the higher w eightings o f  the individual storm water
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indicators in com parison to the recreational indicators. The final score w as a trade-off 
betw een  recreation and storm water m anagem ent. For exam ple, in Table 5-11 , option  
5 w as selected  as the preferred option as it received  a higher overall score than other 
options although the recreational score w as low er than option 3.
A pplication  o f  the fram ework indicated potential for its w ider use as the fram ework  
w as developed using previous research and standards in the areas o f  green space  
planning and storm water planning. In order to test the application o f  the framework  
in another case study area, a catchm ent in R enfrew shire was selected  as it lies in a 
different location  and is subject to different local and regional plans. This second case  
study is presented in Chapter 6.
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6 A P P L IC A T IO N  O F T H E  P R O P O S E D  F R A M E W O R K  F O R  
IN T E G R A T IN G  G R E E N  S P A C E  A N D  W A T E R  P L A N N IN G  IN  
S P A T E S T O N  C A T C H M E N T
6.1 IN T R O D U C T IO N
This chapter aims to test the application of the conceptual methodology in the 
Spateston catchment in Paisley after its application in the Light Burn catchment. The 
second case study assesses its more generic applicability. The catchment is situated in 
the south west of Johnstone in Renfrewshire, Scotland and is well connected by road 
and rail (location plan in Figure 6-1). The study catchment is named ‘Spateston’ after 
the watercourse flowing through it.
Figure 6- 1: Location of Spateston Burn catchment
(Source: Google maps)
The application of the methodology required detailed analysis to test various options. 
Thus, this chapter provides an overview of the issues for the whole catchment but 
detailed analysis for a sample of three sub-catchments.
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T hese sub-catchm ents were selected  to test the fram ework and tool developed  in  
chapter 3 and 4. The considerations for selecting the three sub-catchm ents have been  
discussed  in section  4-10 , chapter 4.
The structure o f  this chapter is sim ilar to Chapter 5. A pplication o f  the m ethodology  
is described in sections 6 .2  to 6.7. Stage 1 presented in section 6.2 describes the land 
use and drainage patterns o f  the Spateston catchm ent. Section 6.3 relates to the 
hydraulic evaluation and flood  risk assessm ent. Green space assessm ent associated  
w ith stage 3 o f  the conceptual framework is described in section 6.4. Im plem entation  
o f  stage 4 o f  the fram ework is reported in section  6.5 o f  this chapter. R esults for 
evaluation o f  SU D S related to flood  m anagem ent are presented in section  6 .6  and are 
linked to stage 5. Integrated evaluation o f  green space planning w ith  SU D S, 
associated  with stage 6 o f  the framework, is taken up in section 6.7. Section  6.8  
provides an overall d iscussion  o f  the results from  earlier sections. Supporting data 
and calculations are presented in A ppendix C l to C6.
6.2 STAGE 1: CATCHMENT LAND USE AND DRAINAGE
ASSESSMENT
This stage deals w ith  land use and drainage assessm ent for the Spateston catchm ent.
Step la  Demarcate catchment and sub-catchment boundaries
The catchm ent w as divided into eight sub-catchm ents, as show n in Figure 6-2. The 
delineation  o f  the catchm ent and sub-catchm ent w as carried out using topographic  
m aps provided by R enfrew shire C ouncil. Apart from topographic m aps, other 
inform ation such as drainage network, property boundaries, drainage from  roads and 
other paved areas w ere also considered to dem arcate the sub-catchm ents. The data for 
this analysis w as provided by Renfrewshire C ouncil. Site v isits were also undertaken 
to study the topography and the drainage patterns in the catchment.
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Figure 6- 2: Division of Spateston Burn catchment into seven sub-catchments
(Map source: Renfrewshire Council)
Step lb  Study catchment characteristics
Spateston Burn is a tributary of Black Cart and is a steeply sloping catchment. The 
area is served by separate sewers, which outflow into the Spateston Burn. The upper 
part of the catchment is largely undeveloped; but the lower portion of the catchment is 
intensively developed. Spateston Burn has both culverted and unculverted sections. It 
is culverted in the lower part of the catchment, while it is open in the upper portion. 
The culvert has reduced recreational opportunities in developed parts of the 
catchment, as shown in Figure 6-3.
Figure 6- 3: Open and Culverted sections of Spateston Burn
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In this catchment, anecdotal evidence from residents suggests that overland flow is a 
major cause of flooding, in addition to the constraints of drainage capacity. This 
catchment has steep drops throughout the length of the catchment, which potentially 
makes the area prone to flash flooding. Flooding is also exacerbated by culverting of 
the watercourse in its lower stretch as well as development of properties in very close 
proximity (as shown in Figure 6-2).
Step lc: Study land use characteristics
Land use in the catchment is a mix of residential, institutional, commercial and green 
space, and agricultural. Flousing in the area typically comprises tenements, tenement 
blocks, and semi-detached houses. This spatial distribution of land use is presented in 
Figure 6-4, while the proportions of land use are shown in Table 6-1.
Figure 6- 4: Land use in Spateston Burn Catchment
(Map source: Renfrewshire Council)
Table 6- 1: Distribution of land use in the Spateston Catchment
A re a
(ha )
P e rc e n ta g e
O pen
sp a c e
113 36
C o m m e rc ia l 1 0
In s titu tio n a l 23 7
R e s id e n tia l 131 41




The proportion of land uses within each sub-catchment was also studied and is shown 
in Figure 6-5 which shows that the four upper sub-catchments: Sheldrake, 
Auchengreoch, Halhill and Mountop, are predominantly rural, while the other four 
sub-catchments in the lower areas are urbanised.
Subca tchm en ts
□  O pen s p a c e  
m C o m m e rc ia l
□  In s titu tio n a l
□  R e s id e n tia l 
B  T ranspo rt
Figure 6- 5: Distribution of land uses in each Spateston sub-catchments (in percentages)
Green spaces are present in the form of stream corridors, playing fields and other 
amenity areas; however, they are not uniformly distributed in the catchment. Detailed 
analysis of green spaces is presented in section 5.4 (stage 3), which also examines the 
topography of potential SUDS sites.
Step Id  D ra in a g e  p attern s in se lected  su b -ca tch m en ts
Drainage characteristics of sample three sub-catchments were studied as described 
below.
Martlet
All developments are served by separate sewer systems in these sub-catchments. 
These separately sewered areas drain directly into the Spateston Burn which is mainly 
open in this reach, but becomes culverted in the lower portion of the sub-catchment. 
There is a risk of blockage due to a sudden change in gradient when the watercourse 
enters a culvert through a grill.
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A  total length o f  300m  is culverted as the stream enters the flood  plain in the low er  
reaches. The culvert lies at an average depth o f  2 .5m  beneath the footpath, w ith  
housing estates on both sides. D ue to the presence o f  open spaces adjacent to the 
watercourse, there is a potential for SU D S at several sites, as d iscussed  in detail in 
Stage 4. The drainage layout for M artlet is presented in A ppendix C l Figure 6.
Heron
Separate sew ers drain all the housing estates in this sub-catchment. There are four 
branches o f  separate sew ers present in Tern Place, Falcon Road, F inch Place and 
Churchill A venue respectively , and each branch drains directly into the Spateston  
B um  (refer to A ppendix C l,  Figure 12). This sub-catchm ent shares the sam e section  
o f  watercourse as Martlet, as it is located on its opposite side.
Ettrick
This sub-catchm ent is served by separate sub-catchm ents and is bordered by tw o river 
system s, Spateston B u m  and B lack Cart, and runoff from  the catchm ent discharges 
into both o f  these water bodies. Currently, runoff from  the developed area drains 
directly to the Spateston B um , w hile  the ru noff from the greenfield  areas drains 
m ainly to the B lack  Cart River. The drainage layout for Ettrick is presented in 
A ppendix C l Figure 18.
Spateston B um  is culverted for a length o f  361m  w hile crossing through the 
residential estates o f  Ettrick; it then opens up before it jo in s the B lack  Cart. The  
average depth o f  the culvert is 2m  and it is located underneath a footpath as it crosses  
the sub-catchm ent. There is very little potential for retrofitting SU D S as there are very  
few  green spaces, as d iscussed  in stage 3 in m ore detail.
Step le: Study detailed land use characteristics in selected sub-catchments:
Martlet, Heron and Ettrick were selected  for further detailed analysis.
1) Martlet
Martlet sub-catchm ent has an area o f  24 hectares and has largely been developed  as 
residential housing. There are 9.8 hectares o f  green field  areas in  this sub-catchm ent, 
com prising playing fields near schools, am enity areas, recreational areas, semi-natural
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and natural sites. R esidential land uses com prise nearly 8 hectares, w h ile  another 3 
hectares is institutional (used for schools). There are a total o f  384  d w ellings in this 
sub-catchm ent, com prising 182 sem i-detached houses, w ith the rem aining being  
detached housing. The land use spatial distribution is indicated in  A ppendix C l,  
Figure 1.
2) Heron
Heron is a m ainly residential sub-catchm ent w ith  a total area o f  15.6 Ha. It contains 
residential, transportation and green space areas o f  7 .7  ha, 3 .9 ha and 3 .9  ha 
respectively. Tenem ents, terraced and som e sem i-detached dw ellings are located in 
the various housing estates in the catchment. The areas beside the watercourse have 
native vegetation, w hile  other open spaces contain m ow n grass. The land use spatial 
distribution is show n in A ppendix C l,  Figure 7 w hile  the various categories o f  green  
spaces in the catchm ent are described in section  6 .4  in detail.
3) Ettrick
Ettrick com prises a total area o f  12.67 hectares, w hich  is m ainly developed  for 
residential uses. The housing estate com prises terraced b locks w ith  a total o f  210  
dw ellings. There is also an old  school that has n ow  been regenerated. The low er part 
o f  the sub-catchm ent adjoining the B lack Cart has remained undeveloped due to the 
presence o f  a railw ay line in the area, w hich  reduces accessib ility . This sub-catchm ent 
has 4 .27  ha o f  open spaces, m ost o f  w hich  lie  around the railway line; the green space 
w ithin  the housing estate is lim ited to the school playgrounds and som e incidental 
green spaces beside roads and car parks. The land use spatial distribution is indicated  
in  A ppendix C l,  Figure 13.
Discussion to stage 1
Stage 1 show ed the m ethod for integrating developm ent and drainage planning. A s  
the selected  sub-catchm ents, Martlet, Heron and Ettrick had different patterns o f  
developm ent; they w ere considered good  candidates for analysing recreation and 
storm water m anagem ent integration p ossib ilities for diverse situations. M artlet had a 
park w ith  several housing estates surrounding it; Heron had som e am enity green  
spaces as w ell as a green buffer area adjoining the watercourse w hile Ettrick w as the 
m ost developed  w ith  lesser green spaces than other tw o sub-catchm ents. A nalysis o f
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distribution o f  developm ent also provided opportunities for linking w ith  flood ing in 
stage 2. The understanding o f  developm ent patterns provide data for linking it to the 
green spaces assessm ent w hich  is considered in detail in stage 3.
6.3 STAGE 2: HYDRAULIC ASSESSMENT
The current status o f  flood ing w as determ ined using a hydraulic m odel (d iscussed  in 
Step 2a) for the three sub-catchm ents o f  Martlet, Heron and Ettrick. Hydrographs o f  
various events at the downstream  ends o f  these sub-catchm ents were also analysed so  
that reductions in peak flow s could be com pared w ith various SU D S options in stage 
5. The hydro graphs are show n in A ppendix C2, w hile the assessm ent o f  flood ing is 
presented in this section.
Step 2a Develop integrated model
The hydraulic m odel w as developed by JBA  consultants. This m odel is based upon  
the data provided by Scottish  Water, Renfrewshire Council and other drainage 
consultants. It has been developed  using the drainage software, Infoworks CS. This 
w as an integrated m odel w ith both watercourse and the sew ers (foul and surface 
water) represented w ithin the m odel. . A  soil type o f  category 4  w as considered in the 
m odel as determ ined using FEH data.
Som e changes were m ade in the m odel after obtaining it from the consultants. 
Drainage networks, belonging to the Spateston B u m  catchm ent and other contributing  
areas, w ere extracted from  the overall m odel o f  the drainage system  w hich  drained 
into the downstream  w astewater treatment works. A s the Spateston catchm ent had 
separate sew ers draining the subcatchm ents into the Spateston B um  and the B lack  
cart; extraction o f  the drainage network from the overall m odel w ould  not have any  
hydraulic affect in the Spateston catchment. The m odel used flo w  survey data 
including rainfall data, flo w  data and dry weather provided by the m odellers w hich  




Step  2b  A n a ly se  f lo o d in g  and p ea k  flow  from  ex trem e even ts
The flooding from a 200 year event was assessed for the selected sub-catchments as 
follows:
M a rtle t S treet
In Martlet Street, flooding is likely to be caused by surcharging from sewers on 
Spateston Road as well as one of the manholes near the secondary school. Based on 
the topography of the catchment the flood water would travel towards the lower end 
of Halhill Road, affecting some of the residential properties. Flooding is shown by 
light blue spots, while flood paths are shown by arrows in Figure 6-6. The modelled 
surcharging flows would drain into the green spaces and then into the watercourse 
based on the topography. As the model did not have the capability for overland flow 
predictions, the potential overland flow routes was judged using the topographical 
map in Appendix C2 Figure 4. Table 6-2 shows relationships between modelled 
flooding and vulnerability of land uses.
| Greanspace
Residential
□  Ssibcatch merit boundary
■—■ Spateston Bum culverted 
..................  Spateston Bum open
► Overland flow directions 
Modelled surcharge locations
Figure 6- 6: Spatial planning and flooding in Martlet Street (arrows show overland flow routes)




Model simulations showed that surcharging of manholes occurred at several locations 
in the sub-catchment. Overland flow caused by surcharging would drain down 
towards amenity areas and finally into the watercourse as shown by Figure 6-7 which 
indicates surcharging locations (light blue spots) from some locations causing 
overland flow (The direction of the overland flow was judged using topographic data 
in Appendix C2, Figure 5).
Figure 6- 7: Spatial planning and flooding in Heron (arrows show overland flow routes)
(Map source: Renfrewshire Council)
E ttr ick
In Ettrick, the simulations show that flooding would be generated at the lower end. 
The modelled surcharging locations are shown in Figure 6-8. There was surcharging 
in the system due to lack of capacity and flatter gradients (The topographical plan of 
the sub-catchment is shown in Appendix C2, Figure 6. The flooding would get 
further exacerbated due to the presence of a railway embankment downstream of the 
sub-catchment. As the culverted watercourse (Spateston Burn is culverted in most 
portion of this sub-catchment) is surcharged during 200 yr flooding event, there 




I ~~ Greonspncn 
Rosido^tml
Subcatchment boundary
— Spateston Bum culverted
— Spateston Bum open
► Overland flow directions 
Modelled surcharge locations
Figure 6- 8: Spatial planning and flooding in Ettrick (arrows show overland flow routes)
(Map source: Renfrewshire Council)
Step  2c: A ssess v u ln era b ility  o f  areas fro m  sew er flo o d in g  as w e ll as
overlan d  flow
There is more risk of flooding in the lower reaches where Ettrick Street is located. 
This is evident from the modelling results of the sub-catchments. As Ettrick mainly 
comprises of high density residential areas, it is more vulnerable to flooding than 
Martlet Street, which contains a mix of water compatible green spaces as well as 
some residential areas. Flooding was likely to be caused in the parking areas of the 
secondary school in Martlet which could affect residents located near the Spateston 
Burn. In Heron, some of residential areas were more vulnerable to flooding as they 
were located in low lying areas closer to the watercourse. The relationship between 
modelled flooding and vulnerability of land uses is shown in Table 6-2.
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Table 6- 2: Spatial sensitivity planning in Martlet Street and Ettrick Terrace
Sub-catchment Modelled 
flooding using 
200 yr event (m3)
Current land use Vulnerability Remarks
Martlet 353 Green spaces Water
compatible











Heron 275 Green spaces Water
compatible





Ettrick 924 Residential and 
open spaces
More vulnerable There is negligible 
green space and 
hence the whole 
sub-catchment is 
more vulnerable
Discussion to stage 2
The risk o f  flooding increased in the low er part o f  the catchment. H ow ever, the 
housing developm ent density is also greater in Ettrick w hich  lies in the low er portion  
o f  the catchm ent. This causes greater vulnerability to the housing areas in Ettrick. 
Furthermore, there are hardly any green space in the Ettrick sub-catchm ent unlike 
Martlet and Heron w hich  causes w orsening o f  flooding. This indicates the need for 
m ore even  distribution o f  green spaces for the m itigation o f  flooding.
A lthough the m odel indicated surcharging in all the three sub-catchm ents, how ever  
the flood ing  w ould  cause greater im pact in Ettrick. This is due to the fact that Ettrick 
had flat gradient but M artlet and Heron had steep gradients w hich  w ould  enable the 
surcharged flo w  to drain dow n towards the watercourse or the sew er system s
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downstream . It is likely  that due to the greater im pact o f  flood ing in Ettrick, the 
residents reported flood ing  w hilst due to little im pact in Martlet and H eron there were 
no reported historical flood ing in these sub-catchm ents.
6.4 STAGE 3: GREEN SPACE ASSESSMENT 
Step 3a Categorise green spaces
Spateston catchm ent is a partially developed suburban catchment w ith plenty o f  open  
spaces. The distribution o f  green spaces w ithin the catchm ent is non-uniform . M ost o f  
the green spaces are present in the upstream locations w hile  very little is available in  
the housing estates. Som e o f  the am enity areas w ithin  the developm ents are non- 
usable for functional recreation due to steep slopes. The green spaces com prise 58 per 
cent o f  the total catchm ent area o f  118 hectares. M ost o f  the green spaces upstream o f  
Martlet are farmland, w hile  there are also som e natural and sem i-natural areas along  
the watercourse corridor. The farmland is private property and is not accessib le to the 
residents. Other significant green spaces are present beside Spateston R oad and at the 
junction  o f  Spateston B u m  and B lack Cart River. A  description o f  green space 
distribution o f  various types in the catchment is provided below:
-Parks. There is one park in a central location  at the junction o f  Spateston B u m  and 
Spateston Road. It has various facilities, such as a football pitch, children’s play areas 
and w alking paths. Part o f  the park beside the Spateston B um  is rich in biodiversity  
and w ild life .
-Amenity Areas. There are spread m ainly in Martlet and Heron sub-catchm ents 
where they are located beside the open sections o f  Spateston B um . There are also  
som e am enity sites located inside the tw o sch ools in  the catchment.
-Playgrounds. Playgrounds are m ainly located in schools in the catchm ent. There are 
three local authority sch oo ls- tw o primary and one secondary. The sch ools have 
football pitches, grassed play areas, and other courts.
- Natural and Semi-Natural Areas. A  significant portion o f  overall green spaces in  
the catchm ent falls under this category. T hese areas are primarily located  near the 
Spateston B u m  and beside the B lack Cart R iver. A  w alking survey beside the  
watercourse show ed that these areas were rich in biodiversity and w ild life .
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- In c id en ta l A m en ity  A reas. There are small pockets of incidental areas and play 
areas present in some of the sub-catchments. The overall plan of green spaces is 
shown in Figure 6-9.
Figure 6- 9: Green space distribution in Spateston Burn Catchment
(Map source: Renfrewshire Council)
S tep  3b: A n a ly se  q u a n tita tiv e  asp ects o f  green  sp ace d istr ib u tio n
Quantitative analyses associated with the three selected sub-catchments are presented 
in this section.
M artlet
A total of 10.6 hectares of green space is present in Martlet. This includes school 
playgrounds, pitches, watercourse buffer areas, amenity areas, and recreational areas. 
The green spaces beside the road are mainly for visual amenity as they cannot be used 
for walking or playing areas due to the steep slopes. Green spaces in Martlet, adjacent 
to the watercourse, have been developed as walking areas, kick-about areas and 
children’s play areas. About 3 hectares of green spaces at the edge of the sub­
catchment and in the riparian areas of the watercourse comprise natural/semi-natural 
vegetation, while another 3 hectares are distributed throughout the developments as 
incidental green spaces. The remaining green spaces are in the form of playgrounds 
and amenity spaces. The layout of the green spaces in Martlet is presented in 




A lthough this sub-catchm ent is m ainly residential, a total o f  4 .2  ha o f  green spaces are 
also present. Green spaces are m ainly located beside the Spateston B um . A  buffer 
vegetation  zone o f  varying w idths is located throughout the open sections o f  the 
watercourse. B eyond the buffer vegetation  inform al am enity areas com prising 2 .7  ha 
or 65 percent o f  am enity spaces are present w hich  provide attractive green spaces  
w ith  access to natural areas and the watercourse. Playgrounds and pitches com prising  
6 percent o f  the total green spaces are also located  w ithin the am enity areas. The 
layout o f  the green spaces in Heron is presented in A ppendix C3, Figure 6.
Ettrick
Natural green spaces are present in the sub-catchm ent adjacent to the B lack Cart 
River. These are part o f  the flood  plain and form 56%  o f  the green space. A ccess  is 
blocked by the railw ay line crossing the sub-catchm ent at Corseford A venue. The area 
is  m ainly rich in biodiversity w ith  lots o f  shrubs, trees and natural grassland. It is also  
part o f  the w ider green network along the B lack  Cart River. The layout o f  the green  
spaces in Ettrick is presented in A ppendix C3, Figure 11.
Overall distribution o f  various types o f  green spaces in the three subcatchm ents are 
summ arised in Table 6-3.
Table 6- 3: Distribution of green spaces in sub-catchments (Area in Ha)
Amenity Playgrounds Parks Incidental Natural/
Semi
Martlet 3.01 0.56 3.29 0.66 3.06
Heron 2.56 0.41 0 0.24 0.95
Ettrick 0 0 0 0.44 0.5
Step 3c Evaluate green space distribution in relation to water management 
potential
This section  presents a com parative analysis to assess the opportunities for storm  
water m anagem ent based on the position  o f  green spaces w ithin the catchment.
The distribution o f  green spaces around the watercourse in Martlet and H eron prevent 
flood ing as they provide flood  path. In these subcatchm ents housing is present after a 
buffer region or a floodplain  o f  the w atercourse w hile  in the low er subcatchm ents the 
floodplains have been developed. A dditionally, green spaces in  Ettrick cannot be
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utilised  for SU D S as due to the presence o f  the railw ay embankment. E xisting green  
space patterns indicate that attenuation m ust be produced through upstream  storage to 
m itigate flood ing in the low er reaches.
Table 6-4  show s S U D S opportunities analysed in the catchment for four types o f  
green spaces. The park in M artlet show s good  opportunities for retrofitting SU D S and 
integrating it into other ex isting  am enities in the park. The suitability o f  am enity areas 
is lim ited, as m ost o f  these areas had either steep slopes or were located upstream o f  
residential or institutional areas. The housing estates in Heron and M artlet show ed  
greater potential for planning SU D S as they had green spaces downstream  o f  housing  
estates. Som e institutional grounds in the catchm ent were located upstream o f  
developm ents and thus w ere not suitable for the developm ent o f  SU D S.




Martlet Heron Ettrick Comparative evaluation




Potential for basins 
and ponds
NA NA Most opportunities for 
integrated storm water 
management








Not suitable for 
SUDS due to steep 






ponds (1.98 ha) 




Most amenity spaces in 
Martlet unsuitable while 












Martlet has most green 




Potential for swales 




















Playgrounds in Heron 




Not feasible as they 








(G reen space layout in the three subcatchm ents presented in A ppendix C 3)
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Discussion to stage 3
The distribution o f  green spaces w as related to the potential for developm ent o f  SU D S  
in an area. For exam ple, there is little S U D S potential in Ettrick w hilst Martlet and 
Heron present am ple opportunities. Larger green spaces such as parks and large 
am enity areas as present in M artlet and Heron provide opportunity for regional S U D S  
such as ponds and detention basins. V arious S U D S options associated w ith green  
spaces are described in detail in Stage 4.
6.5 STAGE 4: PLANNING INTEGRATED SUSTAINABLE DRAINAGE 
OPTIONS
This section  describes various SU D S options w ithin the selected  sub-catchm ents. 
Steps 4a  and 4b deal w ith  storm water and recreational aspects respectively o f  S U D S  
options. Plans for the various options as w ell as calculations o f  storage and treatment 
volu m es o f  SU D S are presented in A ppendix C4. Schem es w ere not proposed for 
Ettrick as GIS plans and site investigations show ed lack o f  sufficient space for 
im plem entation o f  SU D S.
Step 4a Planning SUDS options - Storm water aspects
Four SU D S options are considered in M artlet and Heron sub-catchm ents. Site v isits  
w ere undertaken to understand the constraints at the proposed SU D S sites. GIS and 
sew er network m odel data w as also used to assess the feasib ility  o f  the options.
Martlet
This section  d iscusses storm water issues associated w ith each option.
Option 1: One pond at Spateston Road
This option com prises an end o f  pipe pond in the parkland beside Spateston Road. 
This pond w ould  have tw o  in flow s to drain N ightingale Place and Fulmar Place. The 
ou tflow  w ould  drain into the Spateston B um . A  contributing area o f  6 hectares w ould  
drain this pond located at Spateston Road. Site conditions for the pond, including  
access for works and topography, were found to be favourable after site v isits. The 
ou tflow  from the pond w ill be linked to the surface water sew er jo in in g  the 




Figure 6- 10: Plan for Martlet SUDS Option 1 (Pond)
(Map source: Renfrewshire Council)
Option 2: A dry detention basin at Spateston Road
In this option, one detention basin is provided to intercept and attenuate the runoff 
from Nightingale Place and Martlet Place. Subsequently, the attenuated flow would 
join the watercourse. The locations of the basin and the contributing areas are shown 
in Figure 6-11. The proposed basin is located at the same site as the proposed pond 
from option 1; therefore the conditions for access and topography would be the same.
Figure 6-11: Plan for Martlet SUDS Option 2 (Dry basin)
(Map source: Renfrewshire Council)
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Option 3: Two wet detention basins at Spateston Road
Two wet detention basins are proposed as the third option. The basins are proposed at 
Nightingale Place and Sheldrake Place to receive runoff from the respective housing 
estates and then convey the outflow into the proposed basin near Spateston Burn, in 
the park area beside Spateston Road (refer to Figure 6-12). The hydraulic parameters 
of the basins are shown in Table 6-5, while the calculations are presented in Appendix 
C4. The total developed area of 57% would contribute to the attenuation volume, but 
there is no provision for long term storage volume in this scenario.
Figure 6- 12: Plan for Martlet SUDS Option 3 (Two wet basins)
(Map source: Renfrewshire Council)
Option 4: Two ponds: one at Spateston Road and another at Johnstone Secondary 
School, as well as two wet basins near Spateston Road.
These proposed ponds would provide attenuation volume for 85% of the sub­
catchment. An area of 30%o contributes to long term storage as per this option. The 
attenuated flow from the outlet could then join the surface water system associated 
with the watercourse. Schematic plan for the option is shown in Figure 6-13. The 
hydraulic parameters of the basins are shown in Table 6-5, while the calculations are 
presented in Appendix C4.
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Figure 6- 13: Plan for Martlet SUDS Option 4 (Two ponds and two wet basins)
(Map source: Renfrewshire Council)
S u m m ary
SUDS design factors associated with each option are summarised in Table 6-5. The 
calculations involved are shown in Appendix C4. The amount of contributing areas 
for each option is shown in Table 6-6. The variations in contributions were designed 
so that sensitivity of various SUDS options towards peak flow and flooding could be 
determined.




desc rip tio n
C on tr ib u tin g
areas
A tte nu a tio n
vo lum e




(ha ) (m a) W ) W )
1 o n e  pon d 6 8 00 581 1962
2 o n e  bas in 6 578 581 1158
3 tw o  b a s in s 6 578 581 578
3 315 317 315
4
tw o  b a s in s  
&
6 578 359 3 57
3 315 4 8 6 4 8 3
tw o  p o n d s 8 2 22 845 2 0 1 3
6 923 6 6 9 2 6 7 7
(Design parameters and calculations of alternative options in Appendix C4)
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Table 6- 6: Proposed proportion of developments contributing to Attenuation and Long term 
volumes
Proportion o f developed  
area contributing to 
attenuation volume (%)
Proportion of developed  
contributing to long term  
volume (%)
Option 1 40 30
Option 2 40 15
Option 3 57 0
Option 4 90 70
Heron
Four options for SU D S were considered for the sub-catchm ent. The options com prise  
potential S U D S in the green spaces downstream  o f  housing estates. The sites for 
S U D S  were identified based on GIS data and site v isits. SU D S design  factors are 
sum m arised in Table 6-7, w hile  Table 6-8 provides the proportion o f  developed  areas 
contributing to attenuation and long term storage volum es.
Option 1: One pond at disused play area
A  pond is proposed for developm ent at a disused playing pitch near Churchill 
A venue. This pond w ould  receive in flow s from several housing estates in the sub­
catchm ent upstream o f  Spateston Road. The outflow  from the pond w ould  drain into 
the Spateston Bum .
The site o f  the proposed pond is accessib le from Churchill A venue. This site is flat as 
it w as previously developed  as a playing pitch and is, therefore, ideal for the 
developm ent o f  a pond. Separate sew er drainage for the upstream housing estate 
cou ld  be easily  linked to the pond as there is sufficient head for the flow . Further, as 
this site is located close to the watercourse, the ou tflow  from the pond could be 




Figure 6- 14: Plan for Heron SUDS Option 1 (Pond)
(Map source: Renfrewshire Council)
Option 2: A dry detention basin at the Spateston Road
In this option, one detention basin is provided to intercept and attenuate the runoff 
from Falcon Road housing estates. Subsequently, the attenuated flow would join the 
watercourse. The locations of the basin and the contributing areas are shown in Figure
6-15. As the site of this basin would be the same as the proposed pond in option 1, it 
would have the same feasibility aspects associated with it.
Figure 6- 15: Plan for Heron SUDS Option 2 (Dry basin)
(Map source: Renfrewshire Council)
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Option 3: One pond and one upstream wet basin at Spateston Road
A pond and a wet basin are proposed as the third option. The basin is proposed beside 
the Spateston Burn at Tern Place and would receive runoff from the upstream housing 
estates and then convey the outflow into Spateston Burn. Contributing area for the 
pond would be the same as in option 1. However, this option comprises a second site 
for additional attenuation. The proposed basin would attenuate flows from a 
development site of 1 ha. The hydraulic parameters of the two SUDS were calculated 
(Appendix C 4) and a summary of the SUDS design parameters is provided in Table
6-6. The schematic plan for the SUDS option is presented in Figure 6-16.
Figure 6- 16: Plan for Heron SUDS Option 3 (Pond and a wet basin)
(Map source: Renfrewshire Council)
Option 4: Two wet Basins: One basin at Tern Place and another at Churchill 
Avenue
This option comprises of two wet basins at the same sites as in option 3. The basin 
near Churchill Avenue would be larger as it will provide attenuation for 6 ha of 
upstream catchment area while the other basin will provide attenuation for only 1 ha 
of catchment area. There will also be a long term attenuation area for extreme events 




Figure 6- 17: Plan for Heron SUDS Option 4 ((Two wet basins)
(Map source: Renfrewshire Council)
S u m m ary
SUDS design factors associated with each option are summarised in Table 6-7. The 
calculations involved in SUDS design are shown in Appendix C4. The amount of 
contributing areas for each option is shown in Table 6-8.




desc rip tio n
C on trib u tin g
areas
A tte nu a tio n
vo lum e




( ha) (m 3) (m 3) (m 3)
1 o n e  pond 6 1128 63 3 2 3 9 4
2 o n e  bas in 6 7 95 63 3 1428
3 o n e  pond 1 114 91 2 0 5
o n e  bas in 6 1128 63 3 2 3 9 4
4 tw o  b a s in s 1 114 91 2 0 5
6 7 95 6 3 3 1428
(Design parameters and calculations of alternative options in Appendix C4)
Table 6- 8: Proposed proportion of developments contributing to Attenuation and Long term
volumes
P ro p o rtio n  o f d e v e lo p e d  
c o n tr ib u tin g  to  a tte n u a tio n  
v o lu m e  (% )
P ro p o rt io n  o f d e v e lo p e d  
c o n tr ib u t in g  to  long  te rm  
v o lu m e  (% )
O p tio n  1 50 20
O p tio n  2 50 50
O p tio n  3 58 0




A dequate open spaces at appropriate locations do not ex ist in this sub-catchm ent for 
planning o f  retrofit SU D S. There are som e green spaces on the school site, but this 
site lies in the upstream part o f  the sub-catchm ent w hile the housing estates in the 
subcatchm ents are draining downstream  towards the B lack Cart and so the school site 
cannot be used for SU D S options (refer to A ppendix C l Figure 18). There is also  
som e green space near the B lack  Cart, but it cannot the accessed  due to the railway  
em bankment.
Step 4b Planning SUDS options - Recreational aspects
Recreational potential for the various options in the two sub-catchm ents were 
analysed and presented in this section. Three parameters were used to assess the 
potential for recreation, i.e. area o f  water v isib ility , diversity and size  o f  potential 
vegetation, and footpaths in the vicin ity  o f  retrofit SU D S.
Martlet
Option 1: One pond at Spateston Road
The proposed pond at Spateston Road could provide a high am enity value to the site. 
This location  also has good  connectivity w ith  houses, schools, green spaces and could  
be useful for m ultiple-uses, such as w alking, sitting, p icnic areas and fish ing. The site  
w ould  provide good  passive surveillance for safety o f  users.
This pond w ould  enhance the eco log ica l potential o f  the sites. M ultiple vegetation  
categories, such as trees, shrubs, grasses and aquatic plants, could be prom oted at this 
site. It w ould  also attract a variety o f  w ild life , including fish, am phibians, reptiles, 
birds and m am m als (H eal 2010).
Option 2: A dry detention basin at Spateston Road
The dry detention basin at the proposed site w ould  provide am enity benefits. 
H ow ever, due to lack o f  v isib le  water and variety in vegetation there w ou ld  be less  
am enity value than the proposed pond in option 1. The site w ould be grassed and need  
regular trim m ing. H ow ever, the basin could be developed for m ultiple uses, and 
facilities for w alking and seating could also be developed  at the site. The safety risk
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perception associated w ith  the presence o f  perm anent pool o f  water w ill not be there 
as it is  a dry basin.
Option 3: Two wet detention basins at Spates ton Road
There w ould  be several recreational benefits due to the proposed w et basins. The 
basins w ould  have a w ide variety o f  vegetation. The basins w ill also be w ell 
connected  to adjoining housing areas w ith  ex isting  footpaths and w ould  have good  
p assive surveillance due to presence o f  roads and nearby housing estate. Their 
potential for m ultiple uses w ould  how ever be lim ited, although the basin could be 
designed  as a kick-about area.
Option 4: Two ponds, one at Spateston Road and another at the secondary school 
T w o ponds are proposed as part o f  this proposal. W hilst one pond w ould  be located  
on public land, the other w ould  be located in the school area. The pond in the school 
w ould  be designed as a shallow  pond so as not to cause a safety hazard to the 
children. This pond could  also be useful for educational purposes for the 
schoolchildren. E co log ica l features o f  the pond w ould  be sim ilar to the other 
proposals. It w ould  offer m ulti-functionality and w ould  connect to the playing areas 
nearby.
Heron
Option 1: One pond at disused play area
This site is located near com m ercial and residential areas. Therefore, it w ill enhance 
the vitality  o f  the area. The footpaths linking the site could becom e m ore popular for 
pedestrians once the pond is fu lly  established. The v isib ility  o f  water w ill further add 
value to the location. H ow ever, the presence o f  a permanent pool o f  water is also  
likely  to involve a safety risk perception am ong the residents in the area and 
appropriate design  and signage could reduce the perception.
Option 2: A dry detention basin at Spateston Road
The proposed detention basin could have m ultiple uses as it can be used  as play area 
in  addition to providing storage for attenuation and long term volum es. H ow ever, the 
am enity value, aesthetics w ill be low er in com parison to the pond. The safety risk  
perception o f  the basin w ill be low er than the pond due to a lack o f  permanent pool o f
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water. It w ill be out o f  use on ly  during periods o f  heavy rainfall. The site has a good  
connectivity w ith  other areas and presence o f  housing nearby w ould  ensure good  
passive surveillance for the site.
Option 3: One pond and one upstream wet basin at Spateston Road
This option com prising S U D S at tw o sites w ou ld  provide recreational functions. The 
pond w ould  have the sam e recreational aspects as option 1. The pond w ill have high  
aesthetic value, but w ou ld  also have an associated  perception o f  safety hazard. The 
safety risk could be m inim ised  by appropriate design and barrier plantations as 
recom m ended by W oods-B allard et al. (2007). The pond site cou ld  be provided w ith  
seats and footpaths. The green space in the vicin ity  o f  the proposed basin could  serve 
as a kick-about area. Therefore, this option w ould  provide m ultiple recreational 
benefits at both sites.
Option 4: Two wet Basins: One basin at Tern Place and another at Churchill 
Avenue
The tw o w et basins could  have m ultiple functions. They w ould  provide informal 
recreational areas w ith  a variety o f  vegetation. A s these sites are closer to the 
watercourse they w ill have an important role in prom oting biodiversity in the sub­
catchm ents. E xisting facilities such as footpaths w ould  becom e m ore attractive 
because o f  potential vegetation  and w ild life  prom oted in the basins. The site at 
Churchill A venue is located centrally w ith  housing estates all around and w ould  thus 
provide passive surveillance as w ell.
Discussion to stage 4
There are various p ossib ilities for planning o f  SU D S w ithin the tw o sub-catchm ents. 
The options present in parks provide opportunities for linking w ith park activities  
w hile SU D S options in residential areas provide opportunities for local recreation. 
This approach o f  S U D S planning w hich  entails linking it to the surrounding context 
w ould  also fu lfil the p o licy  requirements set out in PPS 17 and SPP.
163
Chapter 6
6.6 STAGE 5: HYDRAULIC EVALUATION OF SUDS OPTIONS
The effect o f  retrofit SU D S w as m odelled  for tw o sub-catchm ents: Martlet and Heron  
as presented here. The hydraulic m odel provided by consultants (and used to assess  
existing  flood ing stage 2 as discussed  in stage 2) w as m odified  for use in stage 5 as 
discussed  in step 5a. Data used for running the m odel is provided in step 5b w hile  5c  
illustrates the reduction o f  30 yr peak flow s in com parison to existing 30 yr peak  
flow s o f  several S U D S options and optim um  scenarios. Hydrographs representing  
reductions o f  peak flow s for 10, 30 and 20 0  yrs are presented in  A ppendix C5.
Step 5a Model modifications to represent SUDS options
The hydraulic m odel used in stage 2 w as m odified  to represent the effect o f  retrofit 
SU D S . Storage and treatment vo lum es as determined from section  6-5 were used to 
indicate the im pact o f  SU D S. Separate versions were developed  for each option o f  
S U D S to analyse the benefits o f  providing attenuation storage. Optimum scenarios  
were also created to represent situations o f  providing SU D S in both sub-catchm ents.
Martlet
Four m odel variations were created to represent the conceptual solutions identified in  
stage4. The outflow s from the SU D S w ere restricted to green field  levels  (Table 6-9 ) 
using orifices for each SU D S option. O verview  weirs leading to long term storage 
areas were also provided for all SU D S options. O utflow  from the LTV w as throttled  
at a rate o f  21/s/ha w ith total values as show n in Table 6-9.
Table 6- 9: Calculations for individual SUDS Options in Martlet
Model
variations 1 2 3 4
Pond Basin Basin 1 Basin 2 Basin 1 Basin 2 Pond l Pond2
SUDS
discharges
(l/s) 40.3 40.3 40.3 22 40.3 22 58.6 46.5
LTV
discharge




Four options for SU D S w ere considered for the sub-catchment. Sim ilar ou tflow  and 
overflow  arrangements were provided as in the case o f  Martlet. S U D S  and LTV  
discharges for each m odel option are show n in Table 6-10.
Table 6-10: Calculations for individual SUDS Options in Heron
Model variations 1 2 3 4
Pond Basin Basin Pond Basin l Basin2
SUDS discharges 
(l/s) 44 44 6.3 44 6.3 44
LTV discharge (l/s) 4.7 15 0 0 0 9
Step 5b Running simulations
The m odified  m odel is  run against 10, 30 and 200  years design  storms o f  various 
return periods. The critical duration return period is established after exam ining the 
flood ing from  various events. Peak flo w s w ill be determined for 10, 30 and 200  yrs 
critical events.
Step 5c Comparisons of peak flow in existing and SUDS options
The results were studied to assess the p ossib le release in sew er capacity (enhancem ent 
o f  capacity due to d isconnection  o f  runoff from the sew er system ) as w ell as a 
decrease o f  flood ing at the catchm ent scale. A  com parison o f  existing peak flow s w ith  
that from various SU D S scenarios is presented in Figure 6-18 and Figure 6 -19  for 30  
yr return period events.
Martlet
The com parative hydrographs show  that Option 4 produced low est peaks. This is due 
to m axim um  contribution o f  im perm eable area to SU D S for this option (90  % o f  the 
total im perm eable area) w hile contribution o f  im perm eable areas in other options (40  





Figure 6- 18: Peak flow from various SUDS options in Martlet (Plans for alternative options in 
Appendix C5)
H eron
Option 1 hydrograph is similar to that of Option 2 and similarly options 3 and option 
4 had similar profiles. The results indicated low sensitivity of the hydrographs to the 
type of SUDS options used. However, significant changes in contributing areas (eg. 
Option 1 and Option 4) did lead to appreciable changes in the flow regime 
hydrographs (Refer to Figure 6-20). The 200 yr hydrographs (Refer to Figure 6 in 
Appendix B5) indicated lower sensitivity to the changes in long term volumes.
Flow (m 3/S ) I"* ’




Discussion to stage 5
SU D S options developed by disconnecting larger contributing areas generated more 
flood  attenuation. For exam ple, option 4 in M artlet provided m axim um  flood  
attenuation as significant portion o f  the im pervious areas is proposed to be 
disconnected. In both sub-catchm ents the hydrographs show ed low er sensitiv ity  to the 
type o f  SU D S option as w ell as the long term return period.
6.7 STAGE 6: INTEGRATED EVALUATION OF SUDS OPTIONS
The fo llow in g  section  describes the steps for integrated evaluation o f  SU D S . Step 6a 
describes the integrated scoring matrix to com pare various schem es. The preferred 
option, as determ ined from scoring, is described in 6b, where stakeholder response is 
also analysed.
Step 6a Scoring of SUDS options
The various options, identified in stage 4, for planning o f  retrofit S U D S  are scored  
using the evaluation matrix developed in Chapter 4. This matrix com prises recreation  
and storm water parameters for integrated evaluation o f  the alternatives. The scores 
associated w ith  each SU D S option for the sub-catchm ents o f  Martlet and Heron is 
displayed in Table 6-9  and Table 6-10  respectively, w hile the calculations and the 




Table 6-11: Application of integrated scoring matrix for retrofit SUDS options in Martlet
(C alculations for ob taining the scores in A ppendix C6)
O p tion  No. 1 2 3 4
Ind ica to rs
Access 1.2 1.2 1.2 1.8
W ater visib ility 2.1 0.7 1.4 2.1
Aesthetics 2.1 0.7 1.4 2.1
passive security 1.2 1.2 1.8 1.8
Multi-purpose 2.4 2.4 2.4 2.4
Safety 0.8 2.4 1.6 0.8
Ownership 2.1 2.1 2.1 2.1
Flood return period 5.1 3.4 3.4 5.1
Attenuation volume 3.2 3.2 3.2 4.8
Long term storage 1.6 1.6 0 4.8
total score 21.8 18.9 18.5 27.8
Preferred solution
Table 6- 12: Application of integrated scoring matrix for retrofit SUDS options in Heron
(C alculations for obtaining the scores in A ppendix C6)
O p tion  No. 1 2 3 4
Ind ica to rs
Access 1.8 1.8 1.8 1.8
W ater visibility 2.1 0.7 2.1 1.4
Aesthetics 2.1 0.7 2.1 1.4
passive security 1.8 1.8 1.8 1.8
Multi-purpose 1.6 0.8 1.6 1.6
Safety 0.8 2.4 0.8 1.6
Ownership 2.1 2.1 2.1 2.1
Flood return period 5.1 3.4 5.1 3.4
Attenuation volume 3.2 3.2 3.2 3.2
Long term storage 1.6 3.2 . 0 ! 1.6
total score 26.6 22.7 20:5 21.1
Preferred solution
Step 6b Final proposed SUDS Schemes 
Martlet
The preferred option  for Martlet is  Option 4. This option com prises o f  tw o pond and 
tw o w et basins. This option provides attenuation to the m axim um  amount o f  
im perm eable area in the sub-catchm ent in addition to providing high recreational
.i
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attributes. Option 1 was allotted high recreational scores due to several attributes 
associated with high amenity value but received low scores due to lower impermeable 
area disconnected. Option 2 comprising of a dry detention basin received lower scores 
due to lower recreational scores. Similarly Option 3 comprising of two detention 
basin was allotted a lower score due to its lower recreational scores in comparison to 
the two pond options of 1 and 4.
The proposed solution at Martlet comprises two basins and two ponds (option 4 in 
Table 6-11). One pond would receive runoff from Nightingale and Fulmar Places, 
while another pond will be located at the secondary school. The basins would be 
situated near Sheldrake Place and Spateston Road. The existing separate sewers 
could be used to drain these estates into their respective SUDS (refer to Figure 6-20).
Figure 6- 20: Plan of the preferred option in Martlet
(Map source: Renfrewshire Council)
The proposed basins and ponds would provide greater reduction to peak flows as seen 
from hydraulic assessment in stage 5. Although, the amenity and ecological values 
provided are similar to option 1, this option will provide greater areas for recreation 
than other options.
The proposed basins would enhance the amenity value of the site. Currently, the site 
has grassed areas with no other vegetation. The planting of other vegetation, such as a 
variety of herbs, shrubs and trees, would make the site more aesthetically pleasing and
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encourage more use of the park. Sitting and meeting places could be provided for 
various age groups. The vegetated areas could provide attractive and exciting play 
areas for informal play.
Provision of a pond at Spateston Road and at the secondary school would help make 
them focal points in the area. If provided with sitting and meeting places for 
interaction it would encourage development of community spirit. It would be visible 
from Spateston Road as well as from the housing estate at Nightingale Place and 
would, therefore, have good passive surveillance. The presence of other play 
equipment in the park would add further vitality to the site (refer to Figure 6-21).
Figure 6- 21: Location of proposed pond beside Spateston Road (shown by arrow)
(Source: Google Street view)
The proposed ponds would enhance the biodiversity of the sub-catchment. Currently, 
there is rich biodiversity in the Spateston Burn watercourse corridor. This pond would 
encourage the growth of wetland associated species, such as water vole, frogs and 
dragonflies. It would support a variety of aquatic, marshland and terrestrial plants.
Heron
Option 1 was selected as the preferred option out of the four assessed options. It was 
allocated high scores for both recreation and storm water management indicators.
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Option 2 had high storm water scores, while Option 4 was given lowest score due to 
average recreation scores and low storm water scores (Table 6-12). The relevant 
attributes of each indicator considered for scoring are provided in Appendix C6.
Figure 6- 22: Plan of the preferred option in Heron
(Map source: Renfrewshire Council)
The proposed option comprises of a pond on a disused playing pitch. The proposed 
pond could become a valuable amenity asset for the housing estates surrounding 
Spateston Road and Churchill Avenue (refer to Figure 6-22). The place would 
become more appealing to the residents due to the growth of more vegetation and 
wildlife. The pedestrian path nearby could become an attractive walking route for 
school children going to the nearby school at Halhill Road (refer to Figure 6-23).
Biodiversity would be generated at the pond site as a result of the scheme. Native 
vegetation, comprising grasses, shrubs and trees, should be planted to develop various 
habitats for wildlife species. Some species, like swans and ducks, could be introduced 
to add vitality to the site, as with some other ponds in Scotland, such as Ardler pond 
in Dundee (British Home Awards 2007).
Other options could also provide several benefits, however the overall benefits would 
be lower than the proposed option. The dry basin of option 2 could be developed into 
an amenity and storage area. Similarly, option 4 comprising of wet basins would also
171
Chapter 6
provide amenity benefits. However, the perceived recreation and amenity benefits of a 
pond will be greater than non-pond options.
Figure 6- 23: Location of proposed Pond (shown by arrow)
(Source: Google Street view)
Discussion to stage 6
Indicator values in Table 6-11 and Table 6-12 show that a variety of SUDS schemes 
were considered so that the sensitivity of the scoring system could be evaluated. 
Among the recreational indicators, access, multi-purpose and ownership had two 
variations while the other indicators had three alternatives for Martlet (Refer to table 
6-11). In Heron, water visibility, aesthetics, and safety had three alternatives while the 
other recreational indicators (refer to Table 6-12). Among the storm water indicators 
for Martlet the schemes show two variations for two attributes (flood return period 
and attenuation volume) and three variations for the third parameter (refer to Table 6- 
11). In Heron there were two alternatives considered for return period and three for 
long term volumes, but there were no variations used for attenuation volume.
The option selected for Martlet had higher storm water scores than other options. 
Similarly, in Heron sub-catchment option 1, which had higher storm water scores, 
was selected as the preferred option. Further, as each storm water indicator had a
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higher norm alised w eighting than recreational indicators, options w ith  higher storm  
water indicator scores w ere m ore likely  to becom e the preferred options.
Sensitivity assessm ent o f  the recreational and storm water indicators is carried out in  
section  7-3. Total recreational and storm water scores have been com pared for 
existing scenarios as w ell as the potential scenario o f  increasing and decreasing the 
scores by 10% and 20% . The developm ent o f  several options w as itse lf  carried out to 
study the sensitiv ity  o f  all indicators. Section  7-5 d iscusses the sensitiv ity  o f  ex isting  
indicators both recreational and storm water towards m axim ising the total scores in  
the four options o f  the tw o sub-catchm ents studied.
The scoring tool provided a m ethod to evaluate the various parameters for each  
option. This m ethod also provides an opportunity for balancing the am enity  
requirements o f  urban planning to the needs o f  storm water m anagem ent. This is in  
contrast to the previous SU D S planning approach w here evaluation o f  recreational 
criteria w as not adequately defined and hence often resulted in S U D S w ith little  
aesthetic or recreational value as noted by  D ebo and R eese (2003).
6 .8 D I S C U S S I O N
The catchm ent show ed  a good overall potential for integrated planning o f  storm water  
m anagem ent. W hile Martlet and Heron, w ith  a significant amount o f  open  spaces, 
provided good  opportunities for retrofitting S U D S w ithin the sub-catchm ents, there 
w ere no opportunities for the sam e in Ettrick. Site analysis also show ed  that there 
could be recreational and associated b iodiversity benefits from these schem es.
A  low er proportion o f  green spaces in the low er reach o f  the catchm ent caused greater 
risk and vulnerability to flooding. In Ettrick, there are n eglig ib le green spaces, w hilst 
in  Martlet and Heron, w here the risk o f  flood ing is low er, there are substantial green  
spaces (described in section  6.3). Therefore, the distribution o f  green spaces is not 
water com patible. Planning for future regeneration, therefore, should focus on  
creating green spaces w ith in  Ettrick in order to further reduce the risk o f  flooding.
A ssessm ent o f  green spaces (discussed in section  6.4) in the catchm ent show s various 
possib ilities for integrating SU D S and recreational opportunities. The evaluation
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matrix show n in step 3d o f  section  6.4 a lso  show ed that som e green spaces w ere more 
useful for planning retrofit SU D S than others. The matrix show ed the variation in  
S U D S planning opportunities based on distribution o f  green spaces as w e ll as quantity 
o f  green spaces. For exam ple, Martlet w ith  green spaces adjacent to the watercourse 
show ed m axim um  opportunities for integrated SU D S sites and green space planning; 
there w as little opportunity for SU D S sites in Ettrick. There w ere som e green spaces 
in Ettrick, it w as obstructed by a railw ay em bankm ent and there w as no green space  
adjacent to the watercourse.
Planning o f  S U D S  options in section  6.5 show ed they had different recreational and 
storm water m anagem ent attributes considered at design  stage. For exam ple, in  
Martlet option 1, the pond w as conceived  as m ainly for m ulti-functional benefits w ith  
paths for w alking, seating areas, and m eeting areas, how ever in option 2, the detention  
basin w as con ceived  for the singular function o f  storm water m anagem ent.
R esults from the hydraulic m odel analysis (described in section  6 .6) show ed a 
variation in peak f lo w  reductions according to the amount o f  storage provided and the 
return period m itigation. This reduction o f  peaks w as evident for options for both the 
sub-catchm ents o f  M artlet and Heron as show n in Figure 6-18 and Figure 6.19.
A nalysis in  section  6.7 indicated that the evaluation tool d iscussed  in chapter 4  
show ed potential for evaluating various S U D S options in order to arrive at a m ore 
holistically  preferred SU D S option. This w as illustrated in Table 6-11 and Table 6-12 , 
w hich  show  that the final score for each  S U D S option w as sensitive to the various 
recreational and storm water m anagem ent indicator scores. The final score w as a 
trade-off betw een recreation and storm water managem ent.
The conceptual fram ework and integrated evaluation tool w as also useful in analysing  
and evaluating potential SU D S options in chapter 5. A  com parison o f  the tw o studies 
is  presented in chapter 7 (section  7 .2) to  d iscuss the sim ilarities and differences in  the 
tw o case studies. The im plications o f  the results from chapter 5 and chapter 6 are 
discussed  in chapter 7.
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7  E V A L U A T I O N /  D I S C U S S I O N S
7 . 1  I N T R O D U C T I O N
In this chapter, a d iscussion  and interpretation o f  the results are presented. 
Interpretation o f  the results, obtained from  the case study investigations in  the tw o  
catchm ents d iscussed  in Chapters 5 and 6, is presented in section  7.2. The 
interpretation is based on the research issues identified in Chapter 2. Section  7.3 
assesses the integrated planning fram ework that fo llow s on from the results o f  the 
case studies and their interpretation. The im plications o f  this research for green space  
and storm water planning are d iscussed  in sections 7 .4  and 7.5 respectively. Potential 
applications o f  the research in relation to existing planning system s are described in 
section  7.6. The benefits o f  the proposed m ethodology are enumerated in section  7.7  
and these lim itations are d iscussed  in section  7.8.
7 . 2  D I S C U S S I O N  O N  T H E  C O M P A R A T I V E  S T U D I E S
The tw o case study areas have sim ilarities that a llow  for com parison o f  the results. In 
particular, both catchm ents had flood ing  in the low er reaches o f  the watercourse.
Identical m ethodologies were fo llow ed  in both catchm ents although the patterns o f  
developm ent and drainage w ere different. In the Light B um  catchm ent, the w hole  
catchm ent w as developed  urban area, w hile  in Skerryvore, the upper portion o f  the 
catchm ent w as undeveloped and the m iddle and low er portions w ere built up. This 
indicates that sim ilar approaches o f  the proposed integrated fram ework (chapter 3) 
can be adopted i f  sim ilar problem s ex ist in a catchm ent irrespective o f  localised  
patterns o f  developm ent.
The distribution o f  land use in addition to catchm ent characteristics w as an important 
consideration for an integrated approach to SU D S planning (d iscussed  in sections 5.2  
and 6.2). A  higher potential for S U D S w as demonstrated in sub-catchm ents w hich  had 
green spaces downstream  o f  housing estates such as Skerryvore and Martlet 
(d iscussed  in section  5.5 and 6.5).
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A nalyses o f  flood ing  (section  5.3 and section  6.3) and land use distribution (section
5.2 and section  6 .2) show ed sim ilar patterns o f  flooding. The studies in both  
catchm ents show ed  that w hilst flood ing  occurs in the low er reaches due to lack o f  
buffer areas surrounding w atercourses, upstream attenuation w as needed to reduce 
flood ing  in such areas. The reduction o f  flood ing  by providing attenuation in  
upstream areas w as demonstrated by reduced flo w  hydro graphs in both catchm ents 
(R efer to A ppendix B5 and C5). This supports the conventional w isd om  that 
catchm ent approach is favourable for flood  m anagem ent.
Green space assessm ents in both catchm ents show ed several sites suitable for S U D S  
as d iscussed  in sections 5.4 and 6.4. Public parks in both Skerryvore and Martlet, 
catchm ents form ed potential SU D S sites as they are located downstream  o f  housing  
estates. A m enity  and green spaces w ith in  housing areas provided sites for detention  
basins in both sub-catchm ents as show n in Garthamloch in the Light Burn catchm ent 
and Martlet and Heron in the Spateston B um  sub-catchm ent (d iscussed  in sections 5.5  
and . section  6 .5). H ighly developed areas such as Cardowan and Ettrick show ed  lack  
o f  potential for SU D S w hich  indicates the desirability o f  m ore even ly  distributed  
green space distribution taking into account not only access needs for residents but 
also the need for SU D S.
The S U D S  design  options in both the catchm ents (discussed  in section  5.5 and section
6.5) included a range o f  SU D S such as ponds w et and dry detention basins. A ll five  
options in Skerryvore and three out o f  the four options in Martlet w ere proposed in 
parks. The indicators identified in chapter 4  were found to be applicable in both areas 
and the studies show ed the potential for integrated conceptual planning using these  
indicators.
R esults from  the hydraulic m odel analysis described in section  5 .6  and section  6.6  
show ed a variation in peak flo w  reductions according to the am ount o f  storage 
provided and the return period m itigation. The peak flo w  w as reduced for S U D S  
options in both catchm ents but the sensitiv ity  o f  the peak flow s to the variation o f  
storm water indicators w as m ore pronounced in the Spateston catchm ent. This 
reduction o f  peaks w as evident for options for both the sub-catchm ents o f  Martlet and
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H eron as show n in  Figure 5-20  and Figure 6-20 , w h ile  the differentiation is less in  the 
Light B u m  catchm ent as indicated in Figure 5 -19  and Figure 5-20. The hydraulic  
analysis show ed the potential o f  the storm water indicators in both the study  
catchm ents.
The application o f  the evaluation tool in section  5.7 and section 6 .7  indicated the 
potential for assessm ent o f  a range o f  SU D S options having different recreational and 
storm water attributes. A lthough w et basins generally w ere allotted higher scores than 
the dry basins due to their higher aesthetic appeal and higher potential for m ulti­
functional use, the storm water scores for dry and w et basins were sim ilar since the 
return period w as the sam e (10 yrs). A ll SU D S proposals in parks had potential for 
m ultifunctional use as seen  from high scores in Skerryvore and Marlet. H ow ever, for 
the SU D S in other subcatchm ents such as Garthamloch (section 5.7) and Heron  
(section  6 .7), m ulti-functional planning w as not inherent in the existing spatial design  
due to lack o f  m ultiple recreational activities near the S U D S sites although the SU D S  
devices had the potential to provide som e m ulti-functional activities.
7 . 3  C O M P A R I S O N  O F  R E C R E A T I O N A L  A N D  S T O R M  W A T E R  S C O R E  
E V A L U A T I O N
The recreational scores o f  the S U D S options w ere com pared against the storm water 
scores to assess their relationships to the various indicators. The scores for recreation  
and storm water determ ined in  sections 5-7 and 6-7  were used for sensitiv ity  
assessm ent. This section  considers an assessm ent o f  changes in the parameters by  
i i °  % and ±  20%  for both recreation and storm water scores denoted by RS and SS  
respectively.
L i g h t  B u r n  c a t c h m e n t
The recreational scores o f  options 1 to 4 w ere higher than the respective storm water 
scores. H ow ever, the storm water score o f  the fifth option w as higher than all 
recreational scores as show n in Figure 7-1. The recreational score o f  option 3 is  the 
highest w hile the storm water score o f  option 5 is the highest. I f  the recreational score 
o f  option 3 is increased by 20%  then the recreational score becom es equal to existing
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storm water management score. Lowering of the recreational scoring of options 1 to 4 
by up to 20% brought them to a similar level as the storm water scores as shown in
Figure 7-1.
Figure 7-1: Comparison of recreation and storm water scores in Garthamloch
For Skerryvore, SS for option 1 was higher than RS for all options. However, RS was 
higher for options 3, 4 and 5 while RS and SS were almost equal in option 2. The 
sensitivity assessment showed that the maximum RS did not exceed maximum SS 
even if it was increased by 20% by taking into account potential errors or bias towards 
either.
Score
O p tio n  1
■  O p tio n  2 
O p tio n  3
■  O p tio n  4
■  O p tio n  5
Figure 7- 2: Comparison of recreation and storm water scores in Skerryvore
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The maximum SS for both the sub-catchments was higher than the maximum RS. 
This was due to all storm water indicators getting maximum scores, while all 
recreational attributes could not be allotted highest scores as the scoring for safety 
was in contrast to the scoring for water visibility and aesthetics. Option 1 would still 
remain the preferred option if there is an error of ± 20% for either storm water or 
recreational indicator weighting. Even if the recreational indicators are increased by 
20% while storm water indicator is decreased by 20% or vice versa, option 1 would 
still get the highest score as its storm water indicators were might higher than other 
options and its recreation indicators were also higher than options 2,3, and 4 but equal 
to option 5.
S p ateston  B urn  ca tch m en t
The Martlet sub-catchment showed that maximum storm water score corresponding to 
option 4 was higher than all recreational scores. This was similar to the results of the 
sub-catchments in the Light Burn catchment. However, the recreational scores of 
other options except option 4 were higher than respective storm water scores. The 
recreational scores of the options 1, 2 and 3 remained lower than their corresponding 
storm water management scores even after increasing them by 20 percent. This 
showed that the storm water scores were more sensitive to the changes in their 
attributes.
■ O p tio n  1
■ O p tio n  2 
i O p tio n  3
■  O p tio n  4
Figure 7- 3: Comparison of recreation and storm water scores in Martlet
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Comparison of the recreational and storm water scores showed that all recreational 
scores were higher than the corresponding storm water scores for all the four options. 
This was due to the fact that, for all options, not more than 57% of the sub-catchments 
drained to the SUDS. Further, none of the Heron options had simultaneously 
maximum scores for all three storm water indicators.
Figure 7- 4: Comparison of recreation and storm water scores in Heron
7.4 IN T E R P R E T A T IO N  O F R E S U L T S
The results of the case studies have been interpreted in the context of existing 
research, current practices and in terms of the research questions initially adopted at 
the start of this research (section 1-1).
Distribution o f green spaces for integrated water planning
Analysis of the two case study areas showed that the distribution of green spaces is an 
important consideration in the planning of SUDS. For example, section 5.4 shows that 
green spaces beside the watercourse were potential sites for SUDS (Table 5-3). In 
contrast, there were no green spaces beside the watercourse in Cardowan and thus no 
SUDS options were possible. Authors such as Davis and Mccuin (2005) have 
recommended the development of ponds and basins from a hydraulic perspective and 
SUDS options in Skerryvore and Martlet in sections 5.5 and 6.5 show the potential for 
the integration of water features into parks as it could provide areas for walking, 
playing and sitting nearby.
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Option 3 o f  a detention basin  in Skerryvore (d iscussed  in section  5.5) offers 
m ultifunctional benefits as they are w ell connected  and there are several recreational 
opportunities such as w alking, playgrounds, sch ools in its vicinity. The potential for 
integration o f  detention basins w ithin  the landscape is also supported by Ferguson  
(1991), w ho suggests that S U D S can be m oulded into integrated com ponents o f  urban 
landscape in w ays that provide aesthetic recreational, econom ic and eco log ica l values. 
M acdonald and Jefferies (2003) studied detention basins at D E X  in Scotland and 
found that m ost o f  the detention basins were w ell m aintained, w ith cut grass and other 
vegetation, g iv ing  the appearance o f  sm all, tranquil areas o f  parkland. H ow ever, the 
basin options for Garthamloch noted in sections 5.7 and 6.7 do not provide 
m ultifunctional aspects due to the lack o f  other recreational facilities such as 
playgrounds, w alking and sitting areas c lo se  to the site. I f  the proposed solutions are 
adopted it w ould  be best to integrate the SU D S ponds or basins w ith other recreational 
im provem ents near the S U D S device.
The ponds in both case study areas w ere located in places such as Cranhill Park, or 
large am enity areas in the Spateston catchment. R egional ponds ideally  require larger 
areas and could be suitable for parks or am enity areas i f  located in a lo w  ly ing area. 
This approach to planning w ould  be in consistence with the T C PA  (2004) 
recom m endation for the integration o f  SU D S biodiversity w ith urban parks. A lthough  
A postolaki (2007), Ferguson (1991) and M acdonald and Jefferies (2003) have 
identified the benefits o f  S U D S  in relation to am enity and biodiversity, they do not 
provide a m ethodology for integrated planning at the design  stage unlike this research  
w hich  utilizes green space planning w ithin the six  stage fram ework introduced in 
Chapter 3. The understanding o f  existing green space opportunities assist in  
recom m ending solutions w ith  better integration potential. Further, a scoring system  
applied in stage 6 o f  chapters 5 and 6 helps in understanding the leve ls  o f  recreational 
benefits associated w ith  each option. A s a result it provides a holistic design  process 
for integrated storm water and green space planning.
Storm water indicators for integrated planning
The analysis o f  the storm water indicators show ed  that the different S U D S  options 
affect the reduction o f  peak flow s to varying extents. For exam ple the sign ificantly
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higher attenuation and long term volum es o f  option  5 at Garthamloch (A ppendix B 5, 
Figure 1) provided a m uch greater reduction in peak flow s than other options. The 
type o f  S U D S used did not affect the reduction o f  peak flow s but the peak flow s were 
sensitive to changes in the return period m itigation show n by various indicators 
(Figure 5-19 , Figure 5-20). Sim ilarly, option 4 o f  Martlet show s greater peak flow  
attenuation (A ppendix C5, Figure 1) justify ing  higher attenuation and long term  
storage scores. B oth  the case studies show ed greater sensitivity to changes in the 
attenuation volu m es than the other tw o storm water indicators. The results o f  the work  
are consistent w ith  the principles o f  storm water flo w  m itigation m easures discussed  
in  D E FR A  (2005). Investigations carried out as part o f  the D EFR A  (2005) in England  
also indicated reduction o f  flow s and attenuation and long term volum es were 
recom m ended to reduce flooding.
Amenity indicators for integrated vlannins
A m enity is an important elem ent o f  SU D S , but the am enity aspects o f  S U D S are often  
neglected  and addressing the planning o f  am enity for SU D S schem es w as one o f  the 
m ain objectives o f  this research through the use o f  indicators for the planning. This 
section  presents a d iscussion  o f  the application o f  the indicators in the context o f  
existing  know ledge.
A ccessib ility
In the past there w as a tendency to hide water in pipes, culverts and backyards 
w hereas water is n ow  being increasingly recognised  as a resource (D ebo and R eese  
2003). M any urban planners use using water features S U D S  and w atercourses as focal 
points in tow n planning (D reiseitl et al. 2001). In this context accessib ility  o f  SU D S  
features as identified in the fram ework w ill be o f  key importance as they provide an 
opportunity to celebrate water in urban landscape. CIRIA (2000) recom m ended  
accessib ility  m ainly from the point o f  v iew  o f  m aintenance but it is also important 
from  recreational point o f  v iew . This w ork show s h ow  accessib ility  could be 




W ater v isib ility
The im portance o f  water v isib ility  has been recognised  by various researchers such as 
D unnett et al. (2002) and A postalaki (2007). This research show ed h ow  attributes o f  
water v isib ility  could be used  for developing S U D S  options in the Light B u m  and 
Spateston B um  catchm ent.
A esthetics
Research carried out by G iles Corti et al. (2009) show ed that people g ive  h igh  priority 
to aesthetics. The focus group incorporated into this research also gave a higher 
w eighting for aesthetics am ong all recreational indicators except safety. This 
parameter w as applied in various types o f  green spaces such as parks, am enity areas 
and its potential recreational benefits w as assessed .
P assive surveillance
The S U D S options in Chapter 5 and 6 presented various levels o f  passive  
surveillance. This research has demonstrated a m ethod for evaluating the location  o f  
SU D S in areas o f  varying potential for surveillance. The safety o f  residents can be 
im proved by appropriate design  o f  urban spaces (G old, R evill 2000) m aking this 
research useful for planners to conceptualise safer locations o f  S U D S w herever  
feasible. The use o f  p assive surveillance in addition to safety associated w ith  the 
device provides greater appreciation o f  the concerns associated w ith  safety.
M ulti-functionality
The pond site at Cranhill Park in Skerryvore (section  5.5) could enhance the 
recreational value o f  the park. Parks w ith  ponds have been designed for m any cities  
including Seattle, U S A  to prom ote the m ultip le-use o f  these spaces (Johnson, Staheli 
2007). The approach o f  integrating storm water w ith  other recreational land use is 
also a key principle o f  the storm water m anagem ent approach in M elbourne, Australia  
(M elbourne W ater 2011). The focus group survey in this research d iscussed  in chapter 
4 confirm ed that m ulti-functionality w as considered as one o f  the m ost important 
parameter (w ith a score o f  8 out o f  10) in addition to safety by the planners and 
engineers. The approach considered in this research integrated m ulti-functionality o f  





The S U D S options o f  ponds and detention basins in the tw o case studies (Chapter 5 
and Chapter 6) provide exam ples o f  varying leve ls  o f  safety hazards due to the 
presence o f  permanent p oo l o f  water. Safety hazards associated w ith SU D S devices  
have also been recognised  by Burton and Pitt (2002) and CIRIA (2000). This research  
w ill be useful for planners to choose appropriate SU D S to the ensure safety o f  
residents.
Ownership
P ublicly ow ned green spaces were readily available in the two subject catchm ents. 
H ow ever, a site w as also selected  in the school in the Martlet catchm ent as it was 
required due the considerations o f  ex isting  drainage layout and developm ent plan. 
Preference for publicly ow ned land for planning o f  SU D S has also  been expressed by  
Stovin  (2007) w ho argues that privately ow ned  land m ay be d ifficult to acquire for 
im plem enting SU D S.
Evaluating integrated green space and water planning
The tool for quantifying the benefits o f  SU D S am enity and storm water m anagem ent 
w as tested in the case study areas.
The benefits for peak flo w  reduction w ere m easured using hydraulic sim ulations, 
w hich  show ed a reduction o f  peak flow s in both areas. The m odelling w as also able to 
test the variations in recreational indicators associated w ith different options. The  
im proved perception o f  green space benefits in the storm water features w as based on  
factors such as addition o f  am enity value, biodiversity, aesthetic appeal, and 
recreational potential. Further, the com bined recreational and water m anagem ent 
assessm ent o f  the green spaces show ed the integration possib ilities.
M ultifunctional potential o f  green space w as based on several factors such as the 
distribution o f  developm ent, distribution o f  green spaces w ithin the catchm ent and in  
housing estates. For exam ple, the green space near B lack Cart in  Ettrick w as not
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accessib le to residents due to the presence o f  railway line nor could  be used for SU D S  
due the an em bankm ent beside the railway line. Authors such as H erzele and 
W iedem ann (2003) and Jones et al. (2009), have indicated m ultiple purposes o f  green  
spaces but they have not identified the potential for integrating storm water 
m anagem ent. H ow ever, the evaluation tool in this research provided a technique for 
integrated planning o f  green spaces w ith  storm water m anagem ent in urban areas.
Martin et al. (2007) developed a m ulti-criteria decision  aid for best m anagem ent 
practices or SU D S, based on stakeholder surveys. The decision  tool o f  Martin et al. 
(2 0 0 7 ) provides for the fo llow ing  criteria: technical, hydraulic, environm ental, 
socio log ica l, planning and econom ic. This tool can be useful to com plem ent the 
w orks o f  authors such as Martin et al. (2007) as it could inform stakeholders about the 
recreational and storm water m itigation o f  potential SU D S options. H ow ever, this 
research w as lim ited to ponds and basins and can only be used in catchm ents where 
these options are proposed.
7 . 5  C O M B I N I N G  R E C R E A T I O N A L  A N D  S T O R M  W A T E R  
M A N A G E M E N T  S C O R I N G
The im pact o f  the recreational and storm water indicators on total scores w as analysed  
and the results are presented in this section.
L i g h t  B u r n  c a t c h m e n t
O ption 5 had the m axim um  score am ong the five  options in Garthamloch (section  5-
7). In Option 5 all the storm water indicators had m axim um  attribute points unlike the 
other options. This option com bined higher scoring attributes such as aesthetics and 
water v isib ility  and greater contributing areas produced a great m itigation effect on  30 
yr return period flow s. H ow ever, option 3 had the m axim um  recreational score am ong  
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The preferred option for Skerryvore also had a higher storm water score than its 
recrational score as shown in Figure 7-6. This was due to the high scoring attributes 
such as aesthetics, multi-functionality, better accessibility in the park in addition to 
larger contibution of impermeable areas into the SUDS. Inspite of the bias towards 
storm water scores, the scoring in Skerryvore was sensitivity to both types of 
indicators as the recreational scores were higher among three options (options 3, 4 and
5). As both recreational and storm water water was significantly higher in option 1, 
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Figure 7- 6: Combining recreational and storm water scores in Skerryvore
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S p a testo n  B u rn  ca tch m en t
Option 4, preferred option in Martlet, combined maximum scores for both recreation 
and storm water (Figure 7-7). The high recreational scores for options 1, 2 and 3 
showed more favourable opportunities associated with recreation (due to park setting 
with good access) than corresponding storm water attributes in these options. 
However, the significantly higher score of option 4 which had the highest storm water 
and higher recreation scores means that other options could not be modified to 
increase their score so that they are higher than option 4.
■  SS
■  RS
Figure 7- 7: Combining recreational and storm water scores in Martlet
In Heron the preferred solution was not biased towards higher storm water scores. In 
this subcatchment all recreational scores were higher than the corresponding storm 
water score for each option. This was due to the fact that there was very limited 
potential for SUDS for a significant portion of developed area. As a result the storm 
water scores were lower for each option than recreational scores (Figure 7-8). 
Although the score for option 1 was higher than the other three options there is little 
different between the scores and in the absence of option 1, any of the three options 
could be the preferred option for this subcatchment. Further, small errors in the score 





Figure 7- 8: Combining recreational and storm water scores in Heron
7.6 IM P L IC A T IO N S  F O R  G R E E N  S P A C E  P L A N N IN G
This research could inform development of water sensitive approach within standards 
for planning green spaces, as recommended by SPP and PPS 17. Such an approach 
would lay greater emphasis on synchronisation of the planning of green spaces and 
storm water management as illustrated by the application of the proposed integrated 
framework in the two case study areas.
In the past, water bodies have been a separate category in the planning of green space 
typology (Dunnett, Swanwick, and Woolley 2002) and, therefore, the multi-functional 
benefits of planning integrated spaces were not adequately highlighted. This possibly 
resulted in the exclusion of SUDS features from the planning of amenity and 
recreation areas. The case studies in sections 5.5 and 6.5 showed important 
recreational benefits associated with the use of ponds and basins could be understood 
using the indicators developed in chapter 4. The recreational potential of SUDS thus 
illustrated could be used by the green space planners for multi-functional SUDS in 
urban areas.
The scoring tool introduced in section 4.2 and tested in the two case studies in 
sections 5.7 and 6.7 shows comparative evaluation of recreational and storm water 
management benefits associated with SUDS options. In the past SUDS design often
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had poor recreational aspects associated w ith them  (Fergusson 1991). This tool 
therefore can be useful for local authorities for m axim ising the recreational benefits o f  
S U D S  along w ith providing greater attenuation in the drainage network.
Land take has been considered an important elem ent in urban design, w ith  urban 
planners aim ing to reduce it (Jenks et al. 1996). In cities, there is often  com petition  
for various uses for land, where green spaces and gardens generally receive less  
attention (H all 2002). This m ethodology m akes better use o f  land use by providing  
areas for flood  m anagem ent w ith  integrated am enity benefits, thus reducing the need  
for additional land take for am enity areas. For exam ple, various S U D S  options in  
Garthamloch and Skerryvore uses ex isting  green spaces to reduce flood ing  and 
corresponding land take. Integrating S U D S  w ith green spaces therefore corresponds 
w ith  the objectives o f  the local authorities in achieving sustainable drainage and 
enhancing am enity and recreation w ithout additional land take.
7 . 7  P L A N N I N G  I M P L I C A T I O N S  F O R  S T O R M  W A T E R  M A N A G E M E N T
The proposed m ethodology takes a holistic approach, not only o f  flood  m anagem ent, 
but also the provision  o f  am enities and recreational facilities. It w as felt that planning  
o f  sustainable storm water m anagem ent lacked this know ledge, as w as d iscem able  
from  guidance docum ents such as CIRIA SU D S manual (2007) by W oods-B allard et 
al. (2007), Sew ers for Scotland (W R c 2 0 0 7 ) and Sew ers for A doption (W R c 2006).
Other decision  support too ls can be linked to this m ethodology for providing other 
lev e ls  o f  planning. The proposals in this research provide a com plem entary approach  
to the work o f  Sw an (2003), w ho adopted an infiltration-based approach. A s the case  
study sites o f  Light Burn catchm ent and Spateston B u m  catchm ent w ere located in  
im pervious soil regions, this research is tested only for im pervious areas and further 
research w ould  be needed for linking it to infiltration. H ow ever, other research, such  
as that o f  K aiser (1997) and Swan (2003), already provides useful know ledge for 
infiltration areas.
Im plem entation o f  integrated planning w ould  require the pooling o f  resources from  
different departments and m ore jo in t w orking across d isciplines. The integration o f
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green spaces and water m anagem ent w ould  need co-operation from the local authority 
and water utility. Surface water m anagem ent plans (SW M Ps), as required by the 
Flood  and W ater M anagem ent A ct (2010) and developed  by various stakeholders led  
by the local authorities, could  be used  for developing integrated spatial plans. These  
plans could  be integrated w ith a strategic green space network plan. For exam ple, 
G lasgow  City Council is developing a green network strategy for the city  (G lasgow  
City C ouncil 2 0 1 0 ) and it could provide the opportunity for such integrated planning.
M ost design  guidance for storm water m anagem ent fails to include integration o f  
water attenuation and recreational features. This research identifies the p ossib ilities  
for integration o f  am enity and recreational areas into basins and ponds. The research, 
therefore, could inform the developm ent o f  im proved guidance for S U D S and their 
integration into w ider green spaces.
7 . 8  A P P L I C A T I O N  O F  I N T E G R A T E D  G R E E N  S P A C E  A N D  W A T E R  
P L A N N I N G
Previous approaches to water sensitive planning have em phasised the use o f  storm  
water m anagem ent features for reducing floods and im proving water quality  
(C oom bes et al., 2000; W ong 2006). This w as p ossib ly  a result o f  their fragm ented  
v isio n  o f  SU D S. A lthough the SU D S triangle envisioned in CIRIA (2000) is based on  
the three aspects o f  quantity, quality and am enity, the focus o f  research has been  
m ainly on quantity and quality ignoring the am enity aspects o f  S U D S and probably 
leading to reduced values o f  housing and landscapes (L ee and Li, 2009). The greater 
preference for SU D S w ith higher recreation potential as show n in section  5 .7  and 
section  6 .7  w ould  also enhance housing value based on the research o f  Lee and Li 
(2009). H ow ever, m ore research m ay be needed to further analyse any relationship.
This research takes a step further the insights o f  Kaiser (1997), w hich  focu ssed  on the 
urban design  principles (w hich  depends on the am ount o f  green spaces). The 
m ethodology in this w ork considers a range o f  green spaces and identifies dual use  
scenarios based on their distribution and functions. Thus, the m ain focus o f  this work  
is green space and storm water m anagem ent unlike Kaiser (1997) w h ose approach  
w as related to overall urban design.
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The integrated open space and water planning fram ework discussed in chapters 3 and 
4 can form  a link betw een  higher urban planning and design  and detailed planning o f  
storm water m anagem ent and green space planning as show n in Figure 7-1. The 
fram ework w ould  inform  developm ent o f  SW M P and green network plans o f  local 
authorities and vice-versa.
Figure 7- 9: Proposed framework acts as an interface between the higher principles of urban 
planning and detailed planning of water and green spaces.
This fram ework is applicable for outer urban areas w ith  good am ounts o f  green  
spaces, w here the potential for m ultiple use ex ists  and it is not applicable to inner city  
areas as there are likely  to be insufficient green spaces. A s seen from  the case study 
exam ples in sections 5.4 and 6.4 , Cardowan and Ettrick lacked sufficient green spaces 
or w ere not suitable for S U D S im plem entation based on the proposed m ethodology. 
H ow ever, areas w ith  few  open spaces m ay potentially have underground storage as a 
feasib le option.
7 .9  L IM IT A T IO N S
There were several lim itations associated w ith this research em erging from  
assum ptions in the research, tim e constraints, data lim itations and other 
m ethodological issues. These were:
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1. The conceptual m ethodology  has been applied to tw o catchm ents to represent 
different p ossib ilities for the planning o f  green spaces. H ow ever, this 
m ethodology w ould  need to be applied to m any other catchm ents to reach the 
stage o f  generic application in urban planning.
2. The scores and w eightings associated w ith  each storm water indicator attribute 
identified in section  4 .2  w ere not exactly proportional to their im pacts on  peak  
flow s (A ppendix B5 and A ppendix C5). A  greater number o f  scenarios could  
have resulted in an im proved sensitivity analysis o f  the indicators. H ow ever, 
the presented scenarios do indicate that the basic principles can be applied in 
to study the potential for reduction in peak flow s in catchments.
3. O nly prelim inary hydraulic m odelling o f  the case study catchm ents was 
carried out. The aim  o f  the research w as to test the initial feasib ility  o f  
integrated planning at the spatial level and it was considered that basic  
m odelling w ould  be sufficient for the purpose.
4. N o  detailed qualitative analysis o f  green space quality w as carried out as part 
o f  this research due to lack o f  tim e and resources and the criteria used in the 
qualitative research o f  sites were based on previously established research. 
A lthough S U D S w ere likely  to im prove the am enity value o f  the various green  
spaces in the case study catchm ents, further investigation w as outside the 
scope o f  this study. Future investigations could, how ever, be undertaken by  
other researchers to study the im provem ent o f  existing green space am enity  
and biodiversity potential through the developm ent o f  SU D S features.
5. This research did not include b iodiversity indicators in the planning o f  
integrated storm water m anagem ent features. The review  o f  research show ed  
significant existing research outputs on ponds by various researchers, such as 
V io l et al. (2009), H eal (2010), B iggs et al.{2000). H ow ever, the research on  
other form s o f  S U D S , such as detention basins, bio-retention basins, sw ales  
and rain-gardens, w as too sparse to develop  indicators. C onsequently, it is 
recom m ended that future research should focus on understanding the
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biodiversity potential for all form s o f  S U D S so that biodiversity planning  
indicators could be introduced.
6. Im plem entation o f  the storm water d isconnection  scenarios in the Light B um  
catchm ent m ay be d ifficult for various reasons. Construction o f  sw ales in  front 
or back gardens o f  built up areas w ould  require the agreem ent o f  all 
householders w ith in  the housing estates. H ow ever, areas w ith  separate sew ers 




8 C O N C L U S I O N S
8 . 1  I N T R O D U C T I O N
This chapter presents the overall conclusion  o f  the research project. The major 
outcom es are presented in  section  8.2. R ecom m endations for sustainable planning are 
enumerated in section  8.3. The advancem ent o f  know ledge due to this work has been  
discussed  in section  8.4. Section  8.5 presents the need for future research.
8 . 2  M A J O R  O U T C O M E S
A pplication o f  the fram ework in the Light Burn and Spateston B um  catchm ents 
indicated the p ossib ility  o f  developm ent o f  water sensitive plans based on this 
integrated approach w hich  w as reflected on in chapter 7. The major conclusions  
associated w ith the application o f  the conceptual framework and m ethodology in the 
tw o case study areas are presented below :
•  This research demonstrated that overall framework introduced in section  3 .2  
consisting o f  the six  stages can be applied in tw o catchm ents w ith  different 
patterns o f  developm ent and topography. This indicates its potential for wider 
use in sub urban areas o f  various cities.
• Suitable distribution o f  green spaces in a particular sub-catchm ent w as an 
important factor facilitating SU D S planning in catchment. This research  
indicates the need for catchm ent oriented green space distribution. Presence o f  
green spaces downstream  o f  residential estates and other developm ents 
favoured the developm ent o f  SU D S. The research show ed through exam ples 
h ow  the needs o f  recreation can be harm onised w ith  storm water m anagem ent.
•  SU D S options can be designed using both recreational and storm water 
indicators (show n section  5.5 and section  6.5). Such an approach can be used  




•  The m ethodology from D E FR A  (2005) w as used for planning o f  various 
SU D S options after studying the patterns o f  flood ing using a hydraulic m odel. 
The m odel w as used as a tool to further test the attenuation benefits o f  storm  
water m anagem ent. This m ethodology  in both the study catchm ents resulted in  
developing S U D S options for reducing peak flow s. This show ed that the 
integrated spatial planning o f  S U D S  can be carried out along w ith hydraulic 
m odelling for testing storm water m anagem ent benefits.
•  SU D S w ere used in existing green spaces in upstream areas to reduce the peak  
flow s (section  5.6 and section  6 .6). This show ed that catchm ent approach to 
spatial and drainage planning can resolve flooding issu es in an integrated  
manner. The peak flo w  reductions show ed greater sensitiv ity  to the indicator 
attenuation volum e than the other tw o indicators flood  return period and long  
term volum e.
• The integrated scoring tool w as applied in the tw o case areas show ing its 
potential for w ider application. The scores associated w ith  the different SU D S  
options in chapter 5 and chapter 6 show ed sensitivity to the spatial plan, type 
o f  SU D S and am ount o f  attenuation provided. Thus, it can be used to assess  
the trade-off o f  am enity, eco lo g y  and drainage engineering. A pplication o f  the 
tool in the case studies show ed its potential for planning integrated S U D S  
schem es. It could, therefore, be a too l for holistic green space design.
8 . 3  R E C O M M E N D A T I O N S  F O R  S U S T A I N A B L E  S P A T I A L  P L A N N I N G
A  number o f  recom m endations are m ade here for im plem enting the research in  
practice. T hese recom m endations are based on the testing o f  the proposed  
m ethodology and subsequent evaluation in the context o f  the existing spatial and 
drainage planning frameworks.
The recom m endations, as presented in this section, are c lassified  into four categories: 
integrated water and green space planning framework, water sensitive green space  
planning, integrated storm water and green space indicators, integrated evaluation  
too l, and joint w orking groups. These recom m endations m ay be o f  interest to planners
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and engineers involved  in green space planning, developm ent planning and drainage 
planning. F o llo w  up o f  these recom m endations w ill lead to im proved planning o f  
flood  m anagem ent in urban areas. B ased  on the feedback from local authorities, it w as 
evident that there is a need for leg islative changes to enable local authorities to 
enhance their roles at the planning stage o f  sustainable storm water m anagem ent. It is 
also advocated that institutional changes should be carried out to im prove the 
planning m echanism  for more SU D S planning.
The recom m endations m ade here apply on ly  for the catchm ents w hich  lie in suburban 
residential areas and have im perm eable so ils  as investigated in case studies in chapter 
5 and chapter 6. V arious other issues affecting its applicability have been d iscussed  in  
section  7.6.
A  summary o f  the m ain recom m endations o f  the research, based on d iscussions w ith  
various stakeholders, are presented in below .
•  The integrated green space and water planning fram ework can be used this 
fram ework for other suburban residential catchm ents as applied in this 
research (chapter 5 and chapter 6).
•  D evelop  green spaces such as parks and am enity areas downstream  o f  housing  
estates and institutional areas. It w as show n in the case study sub-catchm ents  
o f  Skerryvore and Martlet that S U D S proposed in such green spaces ach ieved  
higher score due to greater m ultifunctional potentiality as w ell as higher  
attenuation potential (section  5 .4  and section 6.4).
•  U se recreational and storm water indicators to design  and plan S U D S  
schem es as illustrated in section  5 .4  and 6.4.
•  U se the integrated evaluation tool for evaluating various SU D S options. The 
use o f  this tool has dem onstrated that the various recreational and storm water 
attributes can be analysed and evaluated using a scoring system  (refer to  
section  5 .7  and section  6.7).
•  Create jo in t w orking groups involv ing  planners and engineers based on  the 
overall fram ework show n in Figure 3-1. A w areness should also be generated
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am ong planners and engineers on various aspects o f  the m ethodology  as 
discussed  in chapter 3 and chapter 4.
8 . 4  A D V A N C E M E N T  O F  K N O W L E D G E
The main aim  o f  this research w as to develop  a fram ework for integrated planning o f  
SU D S and green spaces. W hen im plem enting drainage planning, engineers often  do 
not understand the planning im plications o f  various S U D S options. This research has 
investigated a n ew  area o f  integrating storm water planning and green space planning  
at the design  stage. It has exam ined the issues involved  in green space planning, 
w hich  has a bearing on green space and drainage planning, and has developed  an 
integrated fram ework to be used  by both planners and engineers.
This research has developed  a n ovel integrated evaluation tool for assessm ent o f  
am enity, and engineering issues associated w ith various schem es. The assessm ent 
w ould  help in  identification o f  drainage schem es to m axim ise the potential for 
am enity and biodiversity, w hile  also m axim ising the cost saving potential. The results 
o f  case studies show  h ow  the tool w as used for evaluation o f  SU D S options like  
ponds and detention basins for each site.
In addition to the integrated design  o f  S U D S this research also show ed the importance 
o f  analysing quantitative green spaces and other land uses for water sensitive  
planning. Investigations by previous researchers such as A postolaki (2007), Lee and 
Li (2009) have not advocated a integrated water sensitive approach for green space 
planning. This approach advances water sensitive planning approach w ith in  the 
discipline o f  urban design  as it w ould  help in designing schem es, w hich  w ould  serve 
both functions o f  water storage and recreation. A s green infrastructure is receiving  
increased attention in urban design, and areas w ith  eco log ica l and am enity qualities 
are being prom oted (M oughtin, Shirley 2005), this research provides the know ledge  




8 . 5  T H E  N E E D  F O R  F U T U R E  R E S E A R C H
This research has focussed  on developing, testing and evaluating the proposed  
fram ework for water sensitive planning. It show s strategies for im proving spatial 
planning for accom m odating storm water needs. The work has created an area where 
a lot a future w ork could be undertaken to further im prove the understanding o f  water 
sensitive urban planning.
1. In this work the conceptual framework w as evaluated on tw o catchm ents. 
M ore catchm ents w ith  different land uses (such as com m ercial and industrial) 
and developm ent conditions should be studied to build a greater understanding 
in such situations.
2. This research w as applied in imperm eable areas and its scope for perm eable 
areas could be a subject area o f  future research. In perm eable areas rain 
gardens, soakaw ays, filter drains and pervious surfaces could be important 
storm water m anagem ent options for reducing peak flow s. The potential for 
integration o f  these d ev ices w ith  recreational indicators could w iden  the scope  
o f  this research.
3. Future research should also exam ine econom ic aspects o f  integrated SU D S  
planning, both in n ew  and existing developm ents. This w ould  help compare 
the cost o f  such schem es w ith conventional schem es. Further, the benefits o f  
am enity and eco lo g y  should be costed in order to understand the benefits o f  
integrated schem es com pared w ith separate schem es for green spaces and 
drainage system s.
4. Further research w ould  need to be carried out to include water quality and 
biodiversity indicators into the evaluation tool. A lthough exten sive past 
research has been carried out on water quantity indicators associated  w ith  
storm water system s, due to tim e constraints, the study could not include those  
indicators. B iod iversity  aspects o f  SU D S require further research for 
identification o f  b iod iversity  indicators.
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5. This work w as m ainly focussed  on establishing the application o f  the 
fram ework as w ell as the principles involved  in the integrated evaluation tool 
and using lim ited S U D S  types such as ponds and detention basins. H ow ever, 
future research should be undertaken to investigate incorporation o f  other 
S U D S types such as sw ales, bio-retention areas, and infiltration system s.
6. There is a need for future research to include consider integration possib ilities  
at the level o f  source control w hich  includes house gardens, school am enity  
areas, com m unity centres, church yards, and other such areas. Such research  
w ill w iden  the fram ework introduced in this study.
7. There is a potential for further research to optim ise the scoring for storm water 
indicators. The study could in vo lve a large sam ple o f  hydrographs from  a 
number o f  catchm ents to study its im plications on the scoring system .
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APPENDIX Al: INDICATOR SURVEY QUESTIONAIRE
1. Score (scale of 1 to 10) the relative importance of each theme associated with 




2. Provide weight (scale of 10)for each indicator associated with amenity 
planning of SUDS
Amenity Indicators Weight Comments
1 Access (roads, footpaths 
nearby)
2 Water visibility (visible water 
on surface example, pond)
3 Aesthetics (associated scenic 
beauty)
5 Passive security ( houses, 
schools, roads etc nearby)
6 Multi-use (play, storage, 
biodiversity)
7 Safety (risk of drowning)
8 Ownership (whether public, 
institutional, private)
3. Provide weight (scale of 10) for each indicator associated with storm water 
planning of SUDS
Storm water Indicators Weight Comments
1 Levels of attenuation (2yr 
storage-1 level, 2 yr and 10 yr-2 
levels, 2 yr,10yr and 30 yr 
storage- 3levels)
2 Attenuation storage (limits 
runoff similar to Greenfield)
3 Interception volume(storage 
from leaves, grasses and trees)
4 Long term storage (infiltration 
storage in soil)
5 Peak Flow( max. flow in 
receiving water)
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APPENDIX A2: INPUT DATA FOR CONCEPTUAL SUDS 
EXAMPLE
Appendix A2 Table 1: Regional Input data
Parameter Units Notations Value
1 Hydrological Region - R 2
2 Soil type - S 4
3 Annual Rainfall (mm) SAAR 1000
4 Soil Runoff Coefficient - SPR 0.47
5 Climate Change Factors - CC 1.1
6 Attenuation Storage volume per unit 
area
(m'Vha) UvoUyr 56
7 Atten. Storage volume per unit area (m'Vha) Uvol2yr 70
8 Atten. Storage volume per unit area (m'Vha) Uvol5yr 90
9 Atten. Storage volume per unit area (m'Vha) UvoMOyr 100
10 Atten. Storage volume per unit area (m'Vha) Uvol20yr 125
11 Atten. Storage volume per unit area (m^/ha) Uvol30yr 136
12 Atten. Storage volume per unit area (m'Vha) UvoHOOyr 174
13 Atten. Storage volume per unit area (m'Vha) Uvol200yr 197
6 FEH Rainfall factor - FF1yr 1.1
7 FEH Rainfall factor - FF2yr 1.1
8 FEH Rainfall factor - FF5yr 1.1
9 FEH Rainfall factor - FF10yr 1.1
10 FEH Rainfall factor - FF20yr 1.1
11 FEH Rainfall factor - FF30yr 1.1
12 FEH Rainfall factor - FFIOOyr 1.1
13 FEH Rainfall factor - FF200yr 1.1
14 Storage Volume Ratio - SVR 1 yr 1
15 Storage Volume Ratio - SVR 2yr 1
16 Storage Volume Ratio - SVR 5yr 1
17 Storage Volume Ratio - SVR 10yr 1
18 Storage Volume Ratio - SVR 20yr 1
19 Storage Volume Ratio - SVR 30
yr
1
20 Storage Volume Ratio - SVR
100yr
1
21 Storage Volume Ratio - SVR
200yr
1
22 Hydrological Region Volume storage  
ratio
- HR1yr 1
23 Hydrological Region Vol. storage ratio - HR2yr 1
24 Hydrological Region Vol. storage ratio - HR5yr 1.03
25 Hydrological Region Vol. storage ratio - HR10yr 1.05
26 Hydrological Region Vol. storage ratio - HR20yr 1.06
27 Hydrological Region vol. storage ratio - HR30yr 1.07
28 Hydrological Region vol. storage ratio - HR100yr 1.08
29 Hydrological Region vol. storage ratio - HR200yr 1.10
30 Long term Storage Factor - LTF 3
31 Rainfall depth (mm) RD 55
32 5 year/60 min rainfall depth (mm) M560 17
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A ppendix A2 Table 2: Local Input data
Parameter Value
Area (ha) 16
Public open spaces (ha) 5
Developed area (ha) 11
Percentage imperviousness, PIMP (%) 0.6
Proportion o f impervious area requiring 
storage, ALPHA
1
Impermeable area, AP (ha) 6.6
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APPENDIX Bl: CATCHMENT LAND USE AND DRAINAGE ASSESSMENT
This Appendix shows photos and maps of land use and photos of various sub­
catchments in the Light bum catchment. Figures 1 to 7 indicates various aspects 
indicate land use and drainage aspects of Garthamloch. Similar aspects for the 
Skerryvore and Cardowan sub-catchments are shown in Figures 8 to 12 and Figures 
13 to 17 respectively.
Appendix Bl Figure 1: Spatial planning in Garthamloch........................................228
Appendix Bl Figure 2: Photo locations for Garthamloch (Appendix Bl Figures 3 to
6)............................................................................................................................... 228
Appendix Bl Figure 3: Inishail Road housing, Garthamloch................................... 229
Appendix Bl Figure 4: Guildford Street.................................................................. 229
Appendix Bl Figure 5: Mosswale Rd housing......................................................... 230
Appendix Bl Figure 6: Mossvale Rd School........................................................... 230
Appendix Bl Figure 7: Garthamloch sewer layout.................................................. 231
Appendix Bl Figure 8: Spatial planning in Skerryvore...........................................232
Appendix Bl Figure 9: Photo locations for Skerrvore (Appendix Bl Figures 10 and
11)............................................................................................................................. 232
Appendix Bl Figure 10: Lamlash Crescent estate showing tenemental housing..... 233
Appendix Bl Figure 11: Longstone Rd semi detached housing............................... 233
Appendix Bl Figure 12: Skerryvore sewer layout...................................................234
Appendix Bl Figure 13: Spatial planning in Cardowan............................................ 234




Bl Figure 15: Cardowan Road................................................................. 235
Bl Figure 16: Camtynehall Road.............................................................236
Bl Figure 17: Cardowan sewer layout.....................................................236
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Garthamloch
Error! Reference source not found, shows the spatial planning of Garthamloch 
catchment indicating distribution of various land uses. The photo locations for 
Garthamloch for Figures 3 to 6 are indicated in Figure 2. Photos of typical housing 
blocks in Garthamloch are presented in Figures 3 to 6. The drainage layout is shown 
in Figure 7.
Appendix B1 Figure 1: Spatial planning in Garthamloch
(Map source: Glasgow City Council)
Green spaces are distributed in the outer mainly in the periphery of the sub-catchment. 
Although, there are some open spaces within the development, they are undergoing 
development.
| G reen spaces
Kosidomial area




Appendix B1 Figure 2: Photo locations for Garthamloch (Appendix B1 Figures 3 to 6)
(Map Source: Glasgow> City Council)
228
Appendix B1 Figure 3: Inishail Road housing, Garthamloch
(Source: Google Street view)
Appendix B1 Figure 4: Guildford Street
(Source: Google Street view)
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Large open spaces are directly draining into the roads as shown at Guildford Street 
with attenuation.
Appendix B1 Figure 5: Mosswale Rd housing
(Source: Google Street view)
Appendix B1 Figure 6: Mossvale Rd School
(Source: Google Street view)
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There are incidental green spaces around buildings could provide opportunities for
source control SUDS.
Appendix B1 Figure 7: Garthamloch sewer layout
(Map source: Glasgow City Council)
The western part of this sub-catchment contains separate sewers while the eastern part 
contains combined sewers. Separate sewered areas could be more easily retrofitted 
than the combined system areas.
Skerryvore
Figure 8 shows the spatial planning of Skerryvore catchment indicating 
distribution of various land uses. The photo locations for Skerryvore for Figures 10 
and 1 lare indicated in Figure 9. Photos of typical housing blocks in this sub­
catchment are presented in Appendix Bl, Figure 10 and Figure 1 l.The drainage 
layout of Skerryvore is presented in Figure 12.
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[ H I  Green spaces








Appendix B1 Figure 8: Spatial planning in Skerryvore
(Map source: Glasgow City Council)
| Grpnn spncos 






Appendix B1 Figure 9: Photo locations for Skerryvore (Appendix B1 Figures 10 and 11)
(Map source: Glasgow City Council)
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Appendix B1 Figure 10: Lamlash Crescent estate showing tenement housing.
(Source: Google Street view)
Appendix B1 Figure 11: Longstone Rd semi detached housing.
(Source: Google Street view)
The housing estates are having small gardens and very little incidental green spaces. 
Multiple housing types are present such as tenements, semi-detached and detached
233
housing. There are insufficient opportunities for source control SUDS except in
private gardens.
Storm water manhole 
Combined sewers 
Foul manholes 
-> Storm water sewer 
-> Combined sewers 
Foul sewers
0.2km 0.1 0
Appendix B1 Figure 12: Skerryvore sewer layout
(Map Source: Glasgow City Council)
Cardowan
Figure 13 shows the spatial planning of Cardowan catchment indicating distribution 
of various land uses. The photo locations for Cardowan for Figures 15 and 16 are 
indicated in Figure 14. Photos of typical housing blocks are shown in Figure 15 and 
16. The drainage layout of Skerryvore is presented in Figure 16.
| u j  Green spaces
• Transportation
□
Appendix B1 Figure 13: Spatial planning in Cardowan
(Map Source: Glasgow City Council)
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Appendix B1 Figure 14: Photo locations for Cardowan (Appendix B1 Figures 15 and 16)
(Map Source: Glasgow City Council)
Appendix B1 Figure 15: Cardowan Road
(Source: Google Street view)
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Appendix B1 Figure 16: Carntynehall Road.
(Source: Google Street view)
Housing is semi-detached and detached with both front and back gardens. There are 
very few communal green spaces.
Storm water manhole 
Combined sewers 
Foul manholes 
-> Storm water sewer 
Combined sewers
Appendix B1 Figure 17: Cardowan sewer layout
(Map Source: Glasgow City Council)
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APPENDIX B2: HYDRAULIC ASSESSMENT
The existing peak flow s downstream  o f  selected  catchm ents were determ ined as 
discussed  in section  5.3 o f  Chapter 5. The hydrographs at downstream  ends for the 
selected  subcatchm ents are show n in Figures 1, 2, 3 w hile their topographies are 
presented in Figures 4, 5 and 6.
A ppendix B 2 Figure 1: E xisting Peak flow s at the outlet o f  Garthamloch for critical
storm o f  2 hr storm ................................................................................................................................ 238
A ppendix B 2 Figure 2: E xisting Peak flo w  at outlet o f  Skerryvore.................................238
A ppendix B 2 Figure 3: E xisting Peak flo w  at outlet o f  C ardow an.................................. 239
A ppendix B 2 Figure 4: Topography and drainage in G artham loch.................................239
A ppendix B 2 Figure 5: Topography and drainage in Skerryvore...................................... 240
A ppendix B 2 Figure 6: Topography and drainage in Cardowan....................................... 240
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Flow (m3/s)
Appendix B2 Figure 1: Existing Peak flows at the outlet of Garthamloch for critical storm of 2 hr 
storm.
Flo'"' (m3/s)
Appendix B2 Figure 2: Existing Peak flow at outlet of Skerryvore for critical storm of 2 hr storm.
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Appendix B2 Figure 3: Existing Peak flow at outlet of Cardowan for critical storm of 2 hr storm.
© Storm water manhole
® Combined sewer manhole
-------------^  Storm water sower
-------------^  Combined sower
n u  Light Subcatchments 
Topographic levels
m  105
n io«□ 95□ 90
0.3km 0-15
Appendix B2 Figure 4: Topography and drainage in Garthamloch
239
Appendix B2 Figure 5: Topography and drainage in Skerryvore
0 Storm water manhole
© Combined sewer manhole
------------> Storm water sewer
------------ > Combined sewer
□  Light Subcatchments
Topographic levels
■ 65□ 60 
a  55□ 50□ 45□ 40 
0  35□ 30□ 25
Appendix B2 Figure 6: Topography and drainage in Cardowan
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APPENDIX B3: GREEN SPACE ASSESSMENT RESULTS
This section  presents illustrations for green spaces in the selected  sub-catchm ents. 
Figures 1 to 5 show s the types o f  green spaces in Garthamloch, w hile  figures 6 to 10 
illustrate the green spaces in Skerryvore. Spatial plan in Cardowan is show n in  
Figures 11.
A ppendix B3 Figure 1: Spatial green space planning in G artham loch..........................242
A ppendix B3 Figure 2: Photo locations for Garthamloch (A ppendix B3 Figures 2 to
4 ) ................................................................................................................................................................... 242
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Appendix B3 Figure 1: Spatial green space planning in Garthamloch
(Map Source: Glasgow City Council)
There are potential sites suitable for planning of SUDS in the south of the sub­
catchment.
Rayground
Natural or semi natural 
Incidental
| H  Amenity 
Public parks
Appendix B3 Figure 2: Photo locations for Garthamloch (Appendix B3 Figures 2 to 4)
(Map Source: Glasgow City Council)
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Appendix B3 Figure 3: Stepps Road amenity green space
(Source: Google Street view)
Appendix B3 Figure 4: Inverlochy Street amenity space
(Source: Google Street view)
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Appendix B3 Figure 5: Incidental amenity spaces near Kishorn Place
(Source: Google Street view)
Figures 3 to 5 shows that there are several green spaces in Garthamloch where site 
control and regional control SUDS could be located.
S k erry v o re  P lace
Playground







Appendix B3 Figure 6: Spatial green space planning in Skerryvore
(Map Source: Glasgow City Council)
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Playground 
Natural or sami natural
□  Public parks
□  Subcatch ments
Appendix B3 Figure 7: Photo locations for Skerryvore (Appendix B3 Figures 6 and 7)
(Map Source: Glasgow City Council)
Appendix B3 Figure 8: Amenity area in Cranhill Park
(Source: Google Street view)
There are potential site for SUDS in Cranhill Park which is low lying and provides 
ample space. Cranhill Park contains recreational grass areas, children's facilities, 
mini-golf course, playgrounds, walking and sitting areas.
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Appendix B3 Figure 9: Recreational area beside a sport club inside Cranhill Park
(Source: Google Street view)
Appendix B3 Figure 10: Green space at Langness Rd lacks good access
(Source: Google Street view)
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Potential site for SUDS are shown in Figures 8 and 9. The sites already contain some 
vegetation which would be further enhanced by adding SUDS such as ponds and 
detention basins; however the site at Langness Road lacks good access (Figure 10).
Appendix B3 Figure 11: Spatial planning in Cardowan
(Map Source: Glasgow City Council)
The low lying sites have housing but there are no potential SUDS sites in this 
subcatchment.
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APPENDIX B4: INTEGRATED SUDS AND OPEN SPACE PLANNING
Calculations for SUDS in sample subcatchments
The calculations for S U D S in  the tw o sub-catchm ents have been show n in this 
section . R egional data for the G lasgow  area is presented in Table 1. Input data 
associated  w ith  proportion o f  land uses are provided in  Table 2. C alculations for 
G reenfield runoff, attenuation volum e, treatment vo lum e and sub-catchm ent storage 
volu m es are show n in Tables 3 to 6. These calculations were carried out assum ing  
each o f  the sub-catchm ent com pletely  (100% ) contributes to the SU D S. After 
obtaining attenuation, treatment and long term volum es for the w hole sub-catchm ents, 
contributing areas w ere identified from the SU D S plans (section  5 .5) and individual 
S U D S  volum es were calculated as a factor o f  the overall volum es. The calculations 
for individual SU D S options are show n in Table 7 and Table 8 for Garthamloch and 
Skerryvore respectively.
A ppendix B 4 Table 1: R egional Input d a ta ...............................................................................249
A ppendix B 4 Table 2: L ocal Input data........................................................................................250
A ppendix B 4 Table 3: G reenfield R un off ca lcu la tio n s........................................................250
A ppendix B 4 Table 4: A ttenuation volum e ca lcu la tion s.......................................................251
A ppendix B 4 Table 5: Treatment volum e ca lcu la tio n s......................................................... 252
A ppendix B 4 Table 6: Subcatchm ent storage requirem ents................................................ 252
A ppendix B 4 Table 7: Calculations for individual S U D S Options in G artham loch.252
A ppendix B 4 Table 8: Proposed proportion o f  developm ents contributing to
attenuation and long term v o lu m es ................................................................................................253
A ppendix B 4  Table 9: C alculations for individual S U D S  Options in Skerryvore ....253  
A ppendix B 4 Table 10: Proposed proportion o f  developm ents contributing to 
Attenuation and Long Term v o lu m e s ...........................................................................................253
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Appendix B4 Table 1: Regional input data
Parameter Units Notations Value
1 Hydrological Region - R 2
2 Soil type - S 4
3 Annual Rainfall (mm) SAAR 1000
4 Soil Runoff Coefficient - SPR 0.47
5 Climate Change Factors - CC 1.1
6 Attenuation Storage volume per unit area (m'Vha) UvoMyr 56
7 Atten. Storage volume per unit area (m'Vha) Uvol2yr 70
8 Atten. Storage volume per unit area (m'Vha) Uvol5yr 90
9 Atten. Storage volume per unit area (m'Vha) UvoUOyr 100
10 Atten. Storage volume per unit area (m'Vha) Uvol20yr 125
11 Atten. Storage volume per unit area (m'Vha) Uvol30yr 136
12 Atten. Storage volume per unit area (m'Vha) UvoMOOyr 174
13 Atten. Storage volume per unit area (m'Vha) Uvol200yr 197
6 FEH Rainfall factor - FF1yr 1.1
7 FEH Rainfall factor - FF2yr 1.1
8 FEH Rainfall factor - FF5yr 1.1
9 FEH Rainfall factor - FF10yr 1.1
10 FEH Rainfall factor - FF20yr 1.1
11 FEH Rainfall factor - FF30yr 1.1
12 FEH Rainfall factor - FFIOOyr 1.1
13 FEH Rainfall factor - FF200yr 1.1
14 Storage Volume Ratio - SVR 1yr 1
15 Storage Volume Ratio - SVR 2yr 1
16 Storage Volume Ratio - SVR 5yr 1
17 Storage Volume Ratio - SVR 10yr 1
18 Storage Volume Ratio - SVR 20yr 1
19 Storage Volume Ratio - SVR 30 yr 1
20 Storage Volume Ratio - SVR 100yr 1
21 Storage Volume Ratio - SVR 200yr 1
22 Hydrological Region Volume storage ratio - HR1yr 1
23 Hydrological Region Vol. storage ratio - HR2yr 1
24 Hydrological Region Vol. storage ratio - HR5yr 1.03
25 Hydrological Region Vol. storage ratio - HR10yr 1.05
26 Hydrological Region Vol. storage ratio - HR20yr 1.06
27 Hydrological Region vol. storage ratio - HR30yr 1.07
28 Hydrological Region vol. storage ratio - HR100yr 1.08
29 Hydrological Region vol. storage ratio - HR200yr 1.10
30 Long term Storage Factor - LTF 3
31 Rainfall depth (mm) RD 55
32 5 year/60 min rainfall depth (mm) M560 17
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Appendix B4 Table 2: Local input data
Area Name Notations/Units Garthamloch Skerryvore Cardowan
Area A (ha) 80 49 49
Public open 
spaces (ha) 31 15 1
Developed area (ha) 48 34 48
Percentage
impermeable





storage ALPHA 1 1 1
Impervious area AP (ha) 29 29 29
Appendix B4 Table 3: Greenfield runoff calculations
Area Name Notations/Units Garthamloch Skerryvore Cardowan
Area A (ha) 48 29 29
Annual Rainfall SAAR (mm) 1000 1000 1000
Soil Runoff 
Coefficient SPR 0.5 0.5 0.5
Catchment annual 
peak QBAR (l/s) 353 215 215
Mean annual peak 
flow per unit area QBAR/A (l/s/ha) 7 7 7
Peak discharge per 
unit rate of runoff Q1yr (l/s) 300 183 183
Q30yr (l/s) 671 409 409
Q100yr (l/s) 919 559 560
Q200yr (l/s) 1060 645 646
1 yr peak discharge 
per unit rate of 
runoff Q1yr/A (l/s) 6 6 6
Q30yr/A (l/s) 14 14 14
Q100yr/A (l/s) 19 19 19
Q200yr/A (l/s) 22 22 22
Appendix B4 Table 4: Attenuation volume results
Notations Garthamloch Skerryvore Cardowan
Basic storage volumes (m3) BSVIyr 2700 1925 2699
BSV2yr 3375 2407 3373
BSV5yr 4340 3094 4337
BSVIOyr 4822 3438 4819
BSV20yr 6028 4298 6024
BSV30yr 6558 4676 6554
BSVIOOyr 8390 5982 8385
BSV200yr 9499 6773 9493
Adjusted storage volumes (m3) A S V Iyr 2700 1925 2699
ASV2yr 3375 2407 3373
ASV5yr 4340 3094 4337
ASVIOyr 4822 3438 4819
ASV20yr 6028 4298 6024
ASV30yr 6558 4676 6554
ASVIOOyr 8390 5982 8385
ASV200yr 9499 6773 9493
Final estimated attenuation storage 
volumes (m3) At.Vol.1yr 2700 1925 2699
At.Vol.2yr 3375 2407 3373
At.Vol.5yr 4470 3187 4467
At.Vol.10yr 5063 3610 5060
At.Vol.20yr 6389 4555 6385
At.Vol.30yr 7017 5003 7013
At.VoUOOyr 9062 6461 9056
At.Vol.200yr 10449 7450 10443
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Appendix B4 Table 5: Treatment volume calculations
Area Name
Notations/
Units Garthamloch Skerryvore Cardowan
Development Area A (ha) 48 34 48
PIMP PIMP (%) 1 1 1
Impervious area requiring 
storage BETA 1 1 1
Soil runoff coefficient SPR 0 0 0
5 year/60 min rainfall depth
M560
(mm) 17 17 17
Treatment Vol TV 5091 3629 5087
Appendix B4 Table 6: Subcatchment storage requirements
Area name Garthamloch Skerryvore Cardowan
Final estimated Attenuation Volume 
(m3) 2yr 3375 2407 3373
5yr 4470 3187 4467
10 yrs 5063 3610 5060
30 yrs 7017 5003 7013
Treatment volume, TV (m3) 5091 3629 5087
Long term volume, LTV(m3) 4774 4844 4847
Total volume (m3) 17198 12262 17187
Appendix B4 Table 7: Calculations for individual SUDS options in Garthamloch
O ption 1 2 3 4 5
Pond Wet
basin











11 11 7 4 7 4 27 11
Proportion of 
total areas
0.2 0.2 0.2 0.1 0.2 0.1 0.6 0.2
Attenuation 
volume (m3)
1601 1155 1019 582 735 420 3929 1601
Treatment 
volume (m3)














0 10 8 3 4 4 48 19
Long term 
volume (m3)
0 477 396 143 191 191 2387 955
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Appendix B4 Table 8: Proposed proportion of developments contributing to attenuation and long term 
volumes
Proportion of developed 
area contributing to 
attenuation volume
Proportion of developed 
area contributing to long 
term volume
Option 1 0.23 0
Option 2 0.23 0.1
Option 3 0.23 0.11
Option 4 0.23 0.08
Option 5 0.8 0.7
Appendix B4 Table 9: Calculations for individual SUDS options in Skerryvore























34.4 34.4 24.0 24.0 24.0 10.0 34.4
Proportion of 
total areas
1.0 1.0 0.7 0.7 0.7 0.3 1.0
Attenuation 
volume (m3)
5003.0 3609.9 2520.0 2520.0 2520.0 1050.0
Treatment 
volume (m3)
3629.5 3629.5 2533.7 2533.7 2533.7 1055.7 3629.5
Basin volume 
(m3)






252.0 252.0 175.9 175.9 175.9 73.3 252.0
Overflow 
discharge (l/s) .
55.0 27.5 20.6 13.8 6.9 6.9 0.0
Long term 
volume (m3) 2692.8 1346.4 1009.8 673.2 0 0 336.6
Appendix B4 Table 10: Proposed proportion of developments contributing to attenuation and long term
volumes
Proportion of developed area 
contributing to attenuation 
volume
Proportion of developed area 
contributing to long term 
volume
Option 1 1 0.8
Option 2 1 0.4
Option 3 0.7 0.3
Option 4 0.7 0.2
Option 5 1 0.1
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APPENDIX B5: HYDRAULIC EVALUATION OF SUDS OPTIONS
E xisting flow s are compared w ith peak flow s o f  various SU D S options. Figures 1 to 3 
sh ow  the com parison o f  critical peak flow s for 10, 30  and 200 yrs in existing and 
S U D S scenarios for Garthamloch. Sim ilarly, Figures 4 to 6 show  peak flo w  
com parisons for Skerryvore.
A ppendix B5 Figure 1: Com parison o f  critical 10 yr peak flow s in existing and SU D S
scenarios for G artham loch................................................................................................................. 255
A ppendix B5 Figure 2: Com parison o f  critical 30 yr peak flow s in existing and SU D S
scenarios for G artham loch................................................................................................................. 255
A ppendix B5 Figure 3: Com parison o f  critical 200 yr peak flow s in existing and
S U D S scenarios for G artham loch....................  255
A ppendix B5 Figure 4: Com parison o f  critical 10 yr peak flow s in existing and SU D S
scenarios for Skerryvore..................................................................................................................... 256
A ppendix B5 Figure 5: Com parison o f  critical 30 yr peak flow s in existing and SU D S
scenarios for Skerryvore..................................................................................................................... 256
A ppendix B5 Figure 6: Com parison o f  critical 200 yr peak flow s in existing and 
SU D S scenarios for Skerryvore....................................................................................................... 256
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Appendix B5 Figure 1: Comparison of critical 10 yr peak flows in existing and SUDS scenarios 
for Garthamloch
Appendix B5 Figure 2: Comparison of critical 30 yr peak flows in existing and SUDS scenarios 
for Garthamloch
Appendix B5 Figure 3: Comparison of critical 200 yr peak flows in existing and SUDS scenarios 
for Garthamloch
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Appendix B5 Figure 4: Comparison of critical 10 yr peak flows in existing and SUDS scenarios 
for Skerryvore
Appendix B5 Figure 5: Comparison of critical 30 yr peak flows in existing and SUDS scenarios 
for Skerryvore
Appendix B5 Figure 6: Comparison of critical 200 yr peak flows in existing and SUDS scenarios 
for Skerryvore
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APPENDIX B6: EVALUATING INTEGRATED SUSTAINABLE DRAINAGE 
AND OPEN SPACE PLANNING
The process o f  scoring o f  S U D S indicators for various options is show n in A ppendix  
B 6. Attribute points w ere provided for each indicator and associated attributes o f  each  
option  (based on the criteria evo lved  in Chapter 4 ) w hich  are show n in Table 1 to 
Table 5 for Garthamloch and Table 8 to Table 12 for Skerryvore respectively. The 
norm alised w eight for each indicator and the summ ary o f  attribute points are 
presented in Table 6 and Table 13 for Gartham loch and Skerryvore respectively. 
Attribute points are m ultiplied w ith norm alised w eights to obtain indicator scores 
show n as show n in Table 7 and Table 14 for Garthamloch and Skerryvore 
respectively.
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Calculations and explanations for scoring of Garthamloch options
Appendix B6 Table 1: Attributes and attribute points associated with Option 1 (Pond)
Indicators Attribute points Attributes associated
Option 1 Access 1 Site not connected with footpaths or roads
(One pond) Water visibility 3 Permanent pool of water in proposed pond
Aesthetics
3
Diversity o f wildlife and vegetation along with the presence of water 
could give a high aesthetic value.
passive security 1 Isolated Site
Multi-purpose 2 Storage and a good recreational potential.
Safety 1 Proposed pond depth greater than lm
Ownership 3 Public
Flood return period 3 30 yrs return period
Attenuation volume 1 Less than one third connected to attenuation volume.
Long term storage 1 Less than one third connected to long term storage
Appendix B6 Table 2: Attributes and attribute points associated with Option 2 (Wet basin)
Indicators Attribute points Attributes associated
Option 2 Access 1 Site not connected with footpaths or roads
Water visibility 2 Site will have presence of some standing water (between 1 Vt and 2Vt)
Aesthetics 1 A good variety of vegetation as well as presence of some water
passive security 1 Isolated site
Multi-purpose 2 Storage and a good recreational potential.
Safety 2 Depressed ground with standing water of depth less than lm
Ownership 3 Public
Flood return period 2 10 yrs return period
Attenuation volume 1 Less than one-thirds area connected to attenuation volume
Long term storage 1 Less than one-thirds area connected to long term storage
Appendix B6 Table 3: Attributes and attribute points associated with Option 3 (Two Ponds)
Indicators Attribute points Attributes associated
Option 3 Access 3 Both footpath and vehicular access available at site
Water visibility 3 Permanent pool of water in proposed pond
Aesthetics
3
Diversity of wildlife and vegetation along with the presence of water 
could give a high aesthetic value.
passive security 3 Buildings and roads on all sides
Multi-purpose 2 Storage and a good recreational potential.
Safety 1 Proposed pond depth greater than lm
Ownership 3 Public
Flood return period 3 30 yrs return period
Attenuation volume 1 Less than one-thirds area connected to attenuation volume
Long term storage 1 Less than one-thirds area connected to long term storage
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A ppendix B6 Table 4: Attributes and attribute points associated with Option 4 (Two dry basins)
Indicator Attribute points Attributes associated
Option 4 Access 3 Accessible by both roads and footpaths
Water visibility 1 Dry
Aesthetics
1
Low aesthetic value due to single vegetation of short grasses and no 
water
passive security 3 Presence of roads and buildings all around
Multi-purpose 1 Only storage as its function
Safety 3 Depressed ground but no standing water
Ownership 3 Public
Flood return period 2 10 yrs return period
Attenuation volume 1 Less than one-thirds area connected to attenuation volume
Long term storage 1 Less than one-thirds area connected to long term storage
Appendix B6 Table 5: Attributes and attribute points associated with Option 5 (Two Ponds)
Indicator Attribute points Attributes associated
Option 5 Access 1 Site not connected with footpaths or roads
Water visibility 3 Permanent pool of water in proposed pond
Aesthetics
3
Diversity of wildlife and vegetation along with the presence of water 
could give a high aesthetic value.
passive security 1 Located in isolated area
Multi-purpose 2 Storage and a good recreational potential.
Safety 1 Depth greater than lm
Ownership 3 Public
Flood return period 3 30 yrs return period
Attenuation volume 3 More than two-thirds area connected to attenuation volume
Long term storage 3 More than two-thirds area connected to long term storage
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Option 1 Option 2 Option 3 Option 4 Option 5
Access 0.6 1 1 3 3 1
Water visibility 0.7 3 2 3 1 3
Aesthetics 0.7 3 1 3 1 3
passive security 0.6 1 1 3 3 1
Multi-purpose 0.8 2 2 2 1 2
Safety 0.8 1 2 1 3 1
Ownership 0.7 3 3 3 3 3
Flood return 
period 1.7 3 2 3 2 3
Attenuation
volume 1.6 1 1 1 1 3
Long term 
storage 1.6 1 1 1 1 3
Appendix B6 Table 7: Scores of SUDS options for Garthamloch
Indicators Option 1 Option 2 Option 3 Option 4 Option 5
Access 0.6 0.6 1.8 1.8 0.6
Water visibility 2.1 1.4 • ' 2.1 0.7 2.1
Aesthetics 2.1 6.7 ; 2.1 ; 1 0.7 2.1
passive security 0.6 0.6 1.8 1.8 0.6
Multi-purpose 1.6 1.6 1.6 0.8 1.6
Safety 0.8 1.6 0.8 2.4 0.8
Ownership 2.1 2.1 2.1 2.1 2.1
Flood return period 5.1 3.4 5.1 3.4 5.1
Attenuation volume 1.6 1.6 1.6 1.6 4.8
Long term storage 1.6 1.6 1.6 1.6 4.8
total score 18.2 15.2 20.6 16.9 24.6
Note:
N orm alised scores w ere obtained by m ultiplication o f  individual scores w ith  w eights
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Calculations and explanations for scoring of Skerrwore options
Appendix B6 Table 8: Attributes and attribute points associated with Option 1 (Pond)
Indicator Attribute points Attributes associated
Option 1 Access
2
Site connected only with footpath, vehicular access for maintenance may need 
to be developed
Water visibility 3 Permanent pool of water in proposed pond
Aesthetics
3
Diversity of wildlife and vegetation along with the presence of water could 
give a high aesthetic value.
passive security 2 Presence of roads and buildings on two sides
Multi-purpose
3
Storage and SUDS recreational potential. Additional recreational potential due 
to presence of nearby recreational facilities, and park setting.
Safety I Proposed pond depth greater than 1m
Ownership 3 Public
Flood return period 3 flood management up to 30 yrs
Attenuation volume 3 More than two-thirds area connected to attenuation volume
Long term storage 3 More than two-thirds area connected to long tern storage
Appendix B6 Table 9: Attributes and attribute points associated with Option 2 (Wet basin)
Indicator Attribute points Attributes associated
Option 2 Access
2
Site connected only with footpath, vehicular access for maintenance may need 
to be developed
Water visibility 2 Presence of some standing water (between 1 Vt and 2Vt)
Aesthetics 2 A good variety o f vegetation as W'ell as presence o f some water
passive security 2 Presence of roads and buildings on two sides
Multi-purpose
3
Storage and SUDS recreational potential. Additional recreational potential due 
to presence of nearby recreational facilities, and park setting.
Safety 2 Depressed ground with some standing water but depth less than lm
Ownership 3 Public
Flood return period 2 flood management up to 10 yrs
Attenuation
volume 3
More than two-thirds area connected to attenuation volume
Long term storage 2 Between one-third and two-thirds area connected to long term storage
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A ppendix B6 Table 10: Attributes and attribute points associated with Option 3 (Dry basin)
Indicator Attribute points Attributes associated
Option 3 Access
2
Site connected only with footpath, vehicular access for maintenance may 
need to be developed
Water visibility 1 Dry
Aesthetics
1
Presence o f only single vegetation of short grasses is likely have a low 
perceived aesthetic value
passive security 2 Presence of roads and buildings on two sides
Multi-purpose
3
Storage and SUDS recreational potential. Additional recreational potential 
due to presence of nearby recreational facilities, and park setting.
Safety 3 Depressed ground but no standing water
Ownership 3 Public
Flood return period 2 End of pipe attenuation
Attenuation volume 3 More than two-thirds area connected to attenuation volume
Long term storage 1 Less than one-thirds area connected to long term storage volume
Appendix B6 Table 11: Attributes and attribute points associated with Option 4 (Wet basin)
Indicator Attribute points Attributes associated
Option 4 Access
2
Site connected only with footpath, vehicular access for maintenance may 
need to be developed
Water visibility 2 Presence of some standing water (between 1 Vt and 2Vt)
Aesthetics 2 A good variety of vegetation as well as presence of some water
passive security 2 Presence of roads and buildings on two sides
Multi-purpose
3
Storage and SUDS recreational potential. Additional recreational potential 
due to presence of nearby recreational facilities, and park setting.
Safety 2 Depressed ground with some standing water o f depth less than lm
Ownership 3 Public
Flood return period 2 Two levels of attenuation
Attenuation volume 3 More than two-thirds area connected to attenuation volume
Long term storage 1 Less than one-thirds area connected to long term storage volume
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Appendix B6 Table 12: Attributes and attribute points associated with Option 5 (A pond and two 
wet basins)
Indicator Attribute points Attributes associated
Option 5 Access
2
Site connected only with footpath, vehicular access for maintenance may 
need to be developed
Water visibility 3 Permanent pool of water in proposed pond
Aesthetics
3
Diversity o f wildlife and vegetation along with the presence of water could 
give a high aesthetic value.
passive security 2 Presence of roads and buildings on two sides
Multi-purpose
3
Storage and SUDS recreational potential. Additional recreational potential 
due to presence of nearby recreational facilities, and park setting.
Safety 1 Proposed pond depth greater than 1 m
Ownership 3 Public
Flood return period 3 flood management up to 30 yrs
Attenuation volume 3 More than two-thirds area connected to attenuation volume
Long term storage 1 Less than one-thirds area connected to long term storage volume




Option 1 Option 2 Option 3 Option 4 Option 5
Access 0.6 2 2 2 2 2
Water
visibility 0.7 3 2 1 2 3
Aesthetics 0.7 3 2 1 2 3
passive
security 0.6 2 2 2 2 2
Multi-purpose 0.8 3 3 ' 3 3 3
Safety 0.8 1 2 3 2 1
Ownership 0.7 3 3 3 3 3
Flood return 
period 1.7 3 2 2 2 3
Attenuation
volume 1.6 3 3 3 3 3
Long term 
storage 1.6 3 2 1 1 1
i :
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A ppendix B6 Table 14: Indicator scores o f SUDS options for Skerryvore
Indicators Option 1 Option 2 Option 3 Option 4 Option 5
Access 1.2 1.2 1.2 1.2 1.2
Water visibility 2.1 1.4 0.7 1.4 2.1
Aesthetics 2.1 1.4 0.7 1.4 2.1
passive security 1.2 1.2 1.2 1.2 1.2
Multi-purpose 2.4 2.4 2.4 2.4 2.4
Safety 0.8 1.6 ; 2.4 1.6 0.8
Ownership 2.1 2.1 2.1 2.1 2.1
Flood return period 5.1 3.4 3.4 3.4 5.1
Attenuation volume 4.8 4.8 4.8 4.8 4.8
Long term storage 4.8 3.2 1.6 1.6 1.6
total score 26.6 22.7 20.5 21.1 21.1
Note:
N orm alised scores w ere obtained b y  m ultiplication o f  individual scores w ith  w eights
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Appendix B6 Table 14: Indicator scores o f SUDS options for Skerryvore
Indicators Option 1 Option 2 Option 3 Option 4 Option 5
Access 1.3 1.3 1.3 1.3 1.3
Water visibility 2.0 1.3 0.7 1.3 2.0
Aesthetics 2.2 1.5 0.7 1.5 2.2
passive security 1.2 1.2 1.2 1.2 1.2
Multi-purpose 2.3 2.3 2.3 2.3 2.3
Safety 0.8 1.6 2.4 1.6 0.8
Ownership 2.0 2.0 2.0 2.0 2.0
Flood return period 5.4 3.6 3.6 3.6 5.4
Attenuation volume 4.5 4.5 4.5 4.5 4.5
Long term storage 4.8 3.2 1.6 1.6 1.6
total score 23.4 19.4 17.2 17.8 20.2
N ote:
N orm alised  scores w ere obtained by m ultiplication o f  individual scores w ith  w eights
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APPENDIX Cl: CATCHMENT LAND USE AND DRAINAGE ASSESSMENT
This A ppendix show s photos and maps o f  land use and photos o f  various sub­
catchm ents in the Spateston catchment. Figures 1 to 6 indicates various aspects 
indicate land use and drainage o f  Martlet. Sim ilar aspects for the H eron and 
Skerryvore sub-catchm ents are show n in Figures 7 to 12 and Figures 13 to 18 
respectively. The photos show  the character o f  the areas d iscussed  in section  5.2, 
chapter 6. GIS inform ation for land use and drainage layouts o f  the three sub­
catchm ents are also presented here.
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A ppendix C l Figure 2: Photo locations for Martlet (A ppendix C l Figures 3 to 5) ..267
A ppendix C l Figure 3: N ightingale P lace in M artlet.......................................................... 268
A ppendix C l Figure 4: Martlet D rive residential a rea ........................................................268
A ppendix C l Figure 5: Johnstone H igh S c h o o l .....................................................................269
A ppendix C l Figure 6: Drainage layout in M artlet.............................................................. 269
A ppendix C l Figure 7: Spatial Planning in H eron ................................................................270
A ppendix C l Figure 8: Photo locations for Heron (A ppendix C l Figures 9 to 1 1 )..2 7 0
A ppendix C l Figure 9: H ousing in Falcon P la c e .................................................................. 271
A ppendix C l Figure 10: Tenem ent housing at H eron ..........................................................271
A ppendix C l Figure 11: Tenem ent housing at Tern P la ce .................................................272
A ppendix C l Figure 12: Drainage layout in  H eron ...............................................................272
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M a rtle t
Figure 1 shows the spatial planning of Martlet sub-catchment indicating distribution 
of various land uses. Map of photo locations is presented in Figure 2 while photos of 
typical housing blocks in Martlet are presented in Figure 3 to Figure 5. The drainage 
layout of Skerryvore is presented in Figure 6.
Appendix Cl Figure 1: Spatial planning in Martlet
(Map Source: Renfrewshire City Council)
Appendix Cl Figure 2: Photo locations for Martlet (Appendix Cl Figures 3 to 5)
(Map Source: Renfrewshire City Council)
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Appendix Cl Figure 3: Nightingale Place in Martlet
(Source: Google Street view)
Appendix C l Figure 4: Martlet Drive residential area
(Source: Google Street view)
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Appendix Cl Figure 5: Johnstone High School
(Source: Google Street view)
Appendix Cl Figure 6: Drainage layout in Martlet
(Map Source: Renfrewshire Council)
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Heron
Figure 7 shows the spatial planning of Heron sub-catchment indicating distribution of 
various land uses. Map of photo locations is presented in Figure 8 while photos of 
typical residential blocks in Heron are presented in Figure 9 to Figure 11. The 
drainage layout in this sub-catchment is presented in Figure 12.
Appendix Cl Figure 7: Spatial Planning in Heron
(Map Source: Renfrewshire Council)
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Appendix Cl Figure 8: Photo locations for Heron (Appendix Cl Figures 9 to 11)
(Map Source: Renfrewshire City Council)
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Appendix Cl Figure 9: Housing in Falcon Place
(Source: Google Street view)
Appendix C l Figure 10: Tenement housing at Heron
(Source: Google Street view)
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15
Appendix Cl Figure 11: Tenement housing at Tern Place
(Source: Google Street view)
Appendix Cl Figure 12: Drainage layout in Heron
(Map Source: Renfrewshire Council)
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Ettrick
Figure 13 shows the spatial planning of Ettrick catchment indicating distribution of 
various land uses. Map of photo locations is presented in Figure 14 while photos of 
typical housing areas in Ettrick are presented in Figure 15 to Figure 17. The drainage 
layout of this sub-catchment is presented in Figure 18.
□  Greenspace 
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Subcatchment boundary
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Appendix Cl Figure 13: Spatial Planning in Ettrick
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Appendix Cl Figure 14: Photo locations for Ettrick (Appendix Cl Figures 15 to 17)
(Map Source: Renfrewshire Council)
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Appendix Cl Figure 15: School in Ettrick
(Source: Google Street view)
Appendix C l Figure 16: Pedestrian and cycle route in Ettrick
(Source: Google Street view)
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Appendix Cl Figure 17: Residential block at Ettrick Terrace
(Source: Google Street view)
Appendix C l Figure 18: Drainage layout in Ettrick
(Source: Renfrewshire Council)
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APPENDIX C2: HYDRAULIC ASSESSMENT
The existing peak flows downstream of selected catchments were determined as 
discussed in section 6.3 of Chapter 6. The hydro graphs at downstream ends for the 
selected sub-catchments are shown in Figures 1, 2 and 3 while topographical plans 
with drainage layouts are presented in Figures 4, 5 and 6 respectively.
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Appendix C2 Figure 3: Peak Flows at the outlet of Ettrick Street
Appendix C2 Figure 4: Topography and drainage in Martlet
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Appendix C2 Figure 5: Topography and drainage in Heron
Appendix C2 Figure 6: Topography and drainage in Ettrick
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APPENDIX C3: GREEN SPACE ASSESSMENT
Various green space categories and opportunities for SUDS are shown here for the 
three subcatchments- Martlet, Heron and Ettrick. Figures 1 to 5 show various types of 
green spaces in Martlet. Green space for Heron and Ettrick are shown in figures 6 to 
10 and figures 11 to 14 respectively. As upstream subcatchments were rural, they 
were not included in assessment.
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Appendix C3 Figure 1: Green space distribution in Martlet
(Map source: Renfrewshire Council)
The green spaces beside the Spateston Burn have potential for sustainable drainage 
(refer to Figure 2).
Appendix C3 Figure 2: Photo locations for Martlet (Appendix C3 Figures 4 to 6)
(Map Source: Renfrewshire City Council)
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Appendix C3 Figure 3: Martlet amenity area
(Source: Google Street view)
Appendix C3 Figure 4: Parkland in Martlet
(Source: Google Street view)
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Appendix C3 Figure 5: Amenity green space near Churchill Avenue
(Source: Google Street view)
Appendix C3 Figure 6: Green space distribution in Heron
(Map source: Renfrewshire Council)
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Appendix C3 Figure 7: Photo locations for Heron (Appendix C3 Figures 9 to 11)
(Map Source: Renfrewshire City Council)
In figure 7 the site west of Spateston burn can be for SUDS storage.
Appendix C3 Figure 8: Unused sports pitch which could be used as a SUDS site
(Source: Google Street view)
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Appendix C3 Figure 9: Amenity green space in Heron
(Source: Google Street view)
Appendix C3 Figure 10: Amenity green space suitable for SUDS site
(Source: Google Street view)
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Appendix C3 Figure 11: Green space distribution in Ettrick
(Map source: Renfrew’shire Council)
There is little scope for planning of SUDS in Ettrick. From figures 12 it is evident that 
the railway line in the south would cause hindrance for potential attenuation near the 
Black Cart River.
Appendix C3 Figure 12: Photo locations for Ettrick (Appendix C3 Figures 14, 15)
(Map source: Renfrewshire Council)
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Appendix C3 Figure 13: Incidental green spaces beside Beith Road
(Source: Google Street view)
Appendix C3 Figure 14: Incidental green spaces beside Coursefield Road
(Source: Google Street view)
287
APPENDIX C4: INTEGRATED SUDS AND OPEN SPACE PLANNING
Calculations for Spateston SUDS options
Calculations o f SUDS for the three sub-catchments are shown in this section. Tables 1 
to 5 shows calculations of various SUDS parameters considering 100% of the 
developed areas are contributing to SUDS. After obtaining attention, treatment and 
Long term volumes for the whole sub-catchments, contributing areas were identified 
from the SUDS plans (Appendix C4, Figures 1 to 8) and individual SUDS volumes 
were calculated as a factor of the overall volumes. Table 6 and Table 7 shows the 
calculations for various SUDS options in two sub-catchments where SUDS are 
possible.
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Appendix C4 Table 1: Regional input data
Parameter Units Value
1 Hydrological Region - R 2
2 Soil type - S 4
3 Annual Rainfall (mm) SAAR 1000
4 Soil Runoff Coefficient - SPR 0.47
5 Climate Change Factors - CC 1.1
6 Attenuation Storage volume per unit area (m'Vha) UvoHyr 56
7 Atten. Storage volume per unit area (nvVha) Uvol2yr 70
8 Atten. Storage volume per unit area (m3/ha) Uvol5yr 90
9 Atten. Storage volume per unit area (m'Vha) UvoHOyr 100
10 Atten. Storage volume per unit area (m'Vha) Uvol20yr 125
11 Atten. Storage volume per unit area (m'Vha) Uvol30yr 136
12 Atten. Storage volume per unit area (m'Vha) UvoHOOyr 174
13 Atten. Storage volume per unit area (m'Vha) Uvol200yr 197
6 FEH Rainfall factor - FF1yr 1.1
7 FEH Rainfall factor - FF2yr 1.1
8 FEH Rainfall factor - FF5yr 1.1
9 FEH Rainfall factor - FF10yr 1.1
10 FEH Rainfall factor - FF20yr 1.1
11 FEH Rainfall factor - FF30yr 1.1
12 FEH Rainfall factor - FFIOOyr 1.1
13 FEH Rainfall factor - FF200yr 1.1
14 Storage Volume Ratio - SVR 1 yr 1
15 Storage Volume Ratio - SVR 2yr 1
16 Storage Volume Ratio - SVR 5yr 1
17 Storage Volume Ratio - SVR 10yr 1
18 Storage Volume Ratio - SVR 20yr 1
19 Storage Volume Ratio - SVR 30 
yr
1
20 Storage Volume Ratio - SVR
100yr
1
21 Storage Volume Ratio - SVR
200yr
1
22 Hydrological Region Volume storage ratio - HR1yr 1
23 Hydrological Region Volume storage ratio - HR2yr 1
24 Hydrological Region Volume storage ratio - HR5yr 1.03
25 Hydrological Region Volume storage ratio - HR10yr 1.05
26 Hydrological Region Volume storage ratio - HR20yr 1.06
27 Hydrological Region volume storage ratio - HR30yr 1.07
28 Hydrological Region volume storage ratio - HR100yr 1.08
29 Hydrological Region volume storage ratio - HR200yr 1.10
30 Long term Storage Factor - LTF 3
31 Rainfall depth (mm) RD 55
32 5 year/60 min rainfall depth (mm) M560 17
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Appendix C4 Table 2: Local input data
Parameter Martlet Ettrick Heron
Area (ha) (ha) 25 12.7 15.6
Public Open spaces (ha) (ha) 10 0 3.9
Developed Area (ha) (ha) 15 12.7 11.7
PIMP (%)
(% ) 0.6 0.6 0.6
ALPHA - 1 1 1
AP (ha) A M L 9 7.6 7
Appendix C4 Table 3: Greenfield runoff
Parameter Martlet Ettrick Heron
Area A  (ha) 15.0 12.7 11.7
Annual rainfall
SAAR
(mm) 1000.0 1000.0 1000.0
Soil runoff coefficient SPR 0.5 0.5 0.5
Catchment annual peak QBAR (l/s) 110.0 92.8 85.4
Mean annual peak flow per unit area
QBAR/A
(l/s/ha) 7.3 7.3 7.3
Peak discharge per unit rate o f runoff Q1yr (l/s) 93.5 78.9 72.6
Q30yr (l/s) 209.0 176.4 162.3
Q100yr (l/s) 286.0 • 241.4 222.2
Q200yr (l/s) 330.0 278.5 256.3
1 yr peak discharge per unit rate of 
runoff Q1yr/A (l/s) 6.2 6.2 6.2
Q30yr/A
(l/s) 13.9 13.9 13.9
Q100yr/A
(l/s) 19.1 19.1 19.1
Q200yr/A
(»/s) 22.0 22.0 22.0
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Appendix C4 Table 4: Attenuation volum es
Martlet Ettrick Heron
Basic storage volumes (m3) B S V Iy r 840.6 709.5 816.2
BSV2yr 1050.7 886.9 1049.4
BSV5yr 1350.9 1140.3 1166.0
BSVIOyr 1501.0 1267.0 1457.5
BSV20yr 1876.3 1583.8 1585.8
BSV30yr 2041.4 1723.1 2028.8
BSVIOOyr 2611.7 2204.6 2297.0
BSV200yr 2957.0 2496.0 12.8
Adjusted storage volumes (m3) A S V Iy r 840.6 709.5 816.2
ASV2yr 1050.7 886.9 1049.4
ASV5yr 1350.9 1140.3 1166.0
ASVIOyr 1501.0 1267.0 1457.5
ASV20yr 1876.3 1583.8 1585.8
ASV30yr 2041.4 1723.1 2028.8
ASVIOOyr 2611.7 2204.6 2297.0
ASV200yr 2957.0 2496.0 12.8
Final estimated attenuation storage 
volumes (m3) At.Vol.1yr 840.6 709.5 816.2
At.Vol.2yr 1050.7 886.9 1080.9
At.Vol.5yr 1391.4 1174.5 1224.3
At.Vol.10yr 1576.1 1330.4 1545.0
At.Vol.20yr 1988.8 1678.8 1696.8
At.Vol.30yr 2184.3 1843.7 2191.1
At.Vol.100yr 2820.7 2380.9 2526.7
At.Vol.200yr 3252.7 2745.6 38.5
Appendix C4 Table 5: Treatment volumes
Parameter Martlet Ettrick Heron
Development area (ha) A 15.0 12.7 11.7
PIMP % PIMP 0.6 0.6 0.6
Proportion o f impervious  
area reguiring storage BETA 0.8 0.8 0.8
Soil runoff coefficient SPR 0.5 0.5 0.5
5 year/60 min rainfall 
depth (mm) M560 17.0 17.0 17.0
Treatment volume (m3) TV 1584.6 1337.6 1230.9
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Appendix C4 Table 6: Calculations for individual SUDS options in M artlet
Option No. 1 2 3 4
Pond Basin Basin l Basin2 Basin l Basin2 Pondl Pond2
Contributing  
areas (ha) MC2 MC2 MC2 MC1 MC2 MC1
MC1 + 
MC2 MC4
Areas (ha) 6 6 6 3 6 3 8 6
Proportion of 
total areas (ha) 0.37 0.37 0.37 0.2 0.23 0.2 0.53 0.42
Attenuation  
volume (m3) 800 578 578 315 578 315 222 923
Treatment 
volume (m3) 581 581 581 317 359 486 845 669
Basin volume  





discharges (l/s) 40.3 40.3 40.3 22 40.3 22 58.6 46.5
Overflow  
discharge (l/s) 9 4.5 0 0 6 3 0 12
Long term  
volume (m3) 446 223 297 149 0 594 446 223
Appendix C4 Table 7: Proposed proportion of developments contributing to attenuation and long 
term volumes
Proportion of developed  
area contributing to 
attenuation volume
Proportion of developed  
area contributing to long 
term volume
Option 1 0.4 0.3
Option 2 0.4 0.15
Option 3 0.57 0
Option 4 0.9 0.7
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Appendix C4 Table 8: Calculations for individual SUDS options in Heron
Option 1 2 3 4
Pond basin basin pond Basin l Basin2
Contributing areas 
(ha) HCA2 HCA2 HCA1 HCA2 HCA1 HCA2
Areas (ha) 6 6 1 6 1 6
Proportion o f total 
areas (ha) 0.51 0.51 0.07 0.51 0.07 0.51
Attenuation volume  
(m3) 1128 795 114 1128 114 795
Treatment volume  
(m3) 633 633 91 633 91 633
Basin volume (m3) 1428 205 205 1428
Pond volume (m3) 2395 2394
Limiting discharges 
(l/s) 44 44 6.3 44 6.3 44
Overflow discharge  
(l/s) 4.7 15 0 0 0 9
Long term volume
(m !)_________________ 231 577 0 0 0 346
Appendix C4 Table 9: Proposed proportion of developments contributing to attenuation and long 
term volumes
Proportion of developed 
area contributing to 
attenuation volume
Proportion o f developed  
area contributing to long 
term volume
Option 1 0.5 0.2
Option 2 0.5 0.5
Option 3 0.58 0
Option 4 0.58 0.3
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APPENDIX C5: HYDRAULIC EVALUATION OF SUDS OPTIONS
Existing flows are compared with peak flows of various SUDS options. Figures 1 to 3 
show the comparison of critical peak flows for 10, 30 and 200 yrs in existing and 
SUDS scenarios for Martlet. Similarly, Figures 4 to 6 show peak flow comparisons 
for Heron.
Appendix C5 Figure 1: Comparison of critical 10 yr peak flows in existing and SUDS
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Appendix C5 Figure 4: Comparison of critical 10 yr peak flows in existing and SUDS
scenarios for Heron Place.................................................................................................. 296
Appendix C5 Figure 5: Comparison of critical 30 yr peak flows in existing and SUDS
scenarios for Heron Place..................................................................................................296
Appendix C5 Figure 6: Comparison of critical 200 yr peak flows in existing and 
SUDS scenarios for Heron Place......................................................................................296
294
Flow (m3/s)
Appendix C5 Figure 1: Comparison of critical 10 yr peak flows in existing and SUDS scenarios 
for Martlet Drive
Flow (m3/s)
Appendix C5 Figure 2: Comparison of critical 30 yr peak flows in existing and SUDS scenarios 
for Martlet Drive
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Appendix C5 Figure 4: Comparison of critical 10 yr peak flows in existing and SUDS scenarios 
for Heron Place
Flow (m3/s)
Appendix C5 Figure 5: Comparison of critical 30 yr peak flows in existing and SUDS scenarios 
for Heron Place
Flow (m3/s)
Appendix C5 Figure 6: Comparison of critical 200 yr peak flows in existing and SUDS scenarios 
for Heron Place
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APPENDIX C6: EVALUATING INTEGRATED SUSTAINABLE DRAINAGE 
AND OPEN SPACE PLANNING
The process of scoring of SUDS indicators for various options is shown in Appendix 
C6. Attribute points were provided for each indicator and its associated attributes of 
each option (based on the criteria evolved in Chapter 4) which are shown in Table 1 to 
Table 4 for Martlet and Table 7 to Table 10 for Heron respectively. The normalised 
weight for each indicator and the summary of attribute points are presented in Table 5 
and Table 11 for Martlet and Heron respectively. Attribute points are multiplied with 
normalised weights to obtain indicator scores shown as shown in Table 6 and Table 
12 for Martlet and Heron respectively.
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Calculations and explanations for scoring of Martlet SUDS options
Appendix C6 Table 1: Attributes and attribute points associated with Option 1 (Pond)
In d ic a to r s A ttr ib u te  p o in ts A ttr ib u te s  a s s o c ia te d
O p t io n  1 A c c e s s 2 S it e  is  a c c e s s ib l e  fr o m  S p a te s to n  ro a d  a n d  fo o tp a th s
W a te r  v is ib i l i t y 3 P e r m a n e n t  p o o l  o f  w a te r  in  p r o p o se d  p o n d
A e s t h e t ic s 3 D iv e r s i t y  o f  w i ld l i f e  a n d  v e g e ta t io n  a lo n g  w it h  th e  p r e s e n c e  o f  
w a te r  c o u ld  g iv e  a  h ig h  a e s th e t ic  v a lu e .
p a s s iv e  s e c u r ity 2 P r o p o s e d  S U D S  lo c a t e d  b e s id e  S p a te s to n  R o a d  a n d  v i s ib le  fro m  
n e a r b y  h o u s in g  e s ta te s
M u lt i -p u r p o s e 3 P o n d  d e s ig n e d  fo r  b o th  s to r a g e  a n d  r e c r e a t io n . A d d it io n a l  
p r e s e n c e  o f  r e c r e a t io n a l fa c i l i t i e s ,  p a rk  s e t t in g
S a fe ty 1 P r o p o s e d  p o n d  d e p th  g re a te r  th a n  l m
O w n e r s h ip 3 L o c a te d  in  p u b l ic  o p e n  s p a c e
F lo o d  retu rn  p e r io d 3 f lo o d  m a n a g e m e n t  u p  t o  3 0  yrs
A tte n u a t io n  v o lu m e 2 B e t w e e n  tw o -th ir d s  a n d  o n e -th ir d s  are c o n n e c te d  to  a tte n u a tio n  
v o lu m e
L o n g  term  s to r a g e 1 L e s s  th a n  o n e - th ir d s  a re a  c o n n e c te d  to  lo n g  term  s to r a g e
Appendix C6 Table 2: Attributes and attribute points associated with Option 2 (Dry Basin)
In d ic a to r s A ttr ib u te  p o in ts A ttr ib u te s  a s s o c ia te d
O p t io n  2 A c c e s s 2 S it e  is  a c c e s s ib l e  fr o m  S p a te s to n  r o a d  a n d  fo o tp a th s
W a te r  v i s ib i l i t y 1 N o  p e r m a n e n t  p o o l  o f  w a te r
A e s t h e t ic s 1 D r y  b a s in  w ith  o n ly  g r a s s  v e g e ta t io n
p a s s iv e  s e c u r ity
2
P r o p o s e d  S U D S  lo c a te d  b e s id e  S p a te s to n  R o a d  a n d  v i s ib le  fro m  
n e a r b y  h o u s in g  e s ta te s
M u lt i -p u r p o s e
3
B a s in  d e s ig n e d  a s  k ic k a b o u t  a rea  a n d  s to r a g e . A d d it io n a l  p r e s e n c e  
o f  n e a r b y  r e c r e a t io n a l fa c i l i t i e s ,  p a rk  s e t t in g ,
S a fe ty 3 D e p r e s s e d  g r o u n d  b u t n o  s ta n d in g  w a te r
O w n e r s h ip 3 P u b lic
F lo o d  retu rn  p e r io d 2 F lo o d  m a n a g e m e n t  u p  to  10  yrs
A tte n u a t io n  v o lu m e
2
B e t w e e n  tw o - th ir d s  a n d  o n e - th ir d s  are c o n n e c t e d  to  a tte n u a tio n  
v o lu m e
L o n g  term  s to r a g e 1 L e s s  th a n  o n e - th ir d s  a re a  c o n n e c te d  to  lo n g  te r m  s to r a g e
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Appendix C6 Table 3: Attributes and attribute points associated with Option 3 (2 wet basins)
In d ic a to r s A ttr ib u te  p o in ts A ttr ib u te s  a s s o c ia te d
O p t io n  3 A c c e s s 2 S it e  is  a c c e s s ib l e  fr o m  S p a te s to n  r o a d  a n d  fo o tp a th s
W a te r  v i s ib i l i t y 2 P e r m a n e n t  p r e s e n c e  o f  s o m e  w a te r  in  th e  fo r m  o f  l i t t le  p u d d le s
A e s t h e t ic s
2
D iv e r s i ty  o f  w i ld l i f e  a n d  v e g e ta t io n  a lo n g  w ith  th e  p r e s e n c e  o f  
w a te r  c o u ld  g iv e  a  h ig h  a e s th e t ic  v a lu e .
p a s s iv e  s e c u r ity
3
P r o p o s e d  S U D S  lo c a te d  b e s id e  S p a te s to n  R o a d  a n d  v i s ib le  fro m  
n e a r b y  h o u s in g  e s ta te s
M u lt i-p u r p o s e
3
B a s in  d e s ig n e d  fo r  b o th  s to r a g e  a n d  r e c r e a t io n . A d d it io n a l  
p r e s e n c e  o f  n e a r b y  r e c r e a t io n a l f a c i l i t i e s ,  p ark  s e t t in g ,
S a fe ty 2 P r o p o s e d  p o n d  d e p th  g r e a te r  th an  l m
O w n e r s h ip 3 P u b lic
F lo o d  retu rn  p e r io d 2 F lo o d  m a n a g e m e n t  u p  to  3 0  yrs
A tte n u a t io n  v o lu m e
2
B e t w e e n  tw o - th ir d s  a n d  o n e -th ir d s  are  c o n n e c te d  to  a tte n u a tio n  
v o lu m e
L o n g  term  s to r a g e 0 N o  lo n g  term  s to r a g e
Appendix C6 Table 4: Attributes and attribute points associated with Option 4 (Two ponds and 
two basins)
In d ica to rs A ttr ib u te  p o in ts A ttr ib u te s  a s s o c ia te d
O p t io n  4 A c c e s s
3
T h e  p o n d  s it e  in  S e c o n d a r y  s c h o o l  is  h ig h ly  a c c e s s ib le .  O th e r  s ite  
is  a c c e s s ib l e  fr o m  S p a te s to n  road  a n d  fo o tp a th s
W a te r  v is ib i l i t y 3 P e r m a n e n t  p o o l  o f  w a te r  in  p r o p o se d  p o n d
A e s th e t ic s
3
D iv e r s i t y  o f  w i ld l i f e  a n d  v e g e ta t io n  a lo n g  w ith  th e  p r e s e n c e  o f  
w a te r  c o u ld  g iv e  a  h ig h  a e s th e t ic  v a lu e .
p a s s iv e  s e c u r ity 3 B u ild in g s  r o a d s  a ll a ro u n d  th e  s ite
M u lt i -u s e
3
P o n d  lo c a te d  in s id e  s c h o o l  c o u ld  b e  m a d e  m u lt i- fu n c t io n a l w ith  
s it t in g  a n d  m e e t in g  a rea s
S a fe ty 1 P r o p o s e d  p o n d  d e p th  g re a te r  th an  l m
O w n e r s h ip 3 In s t itu t io n a l
F lo o d  retu rn  p e r io d 3 F lo o d  m a n a g e m e n t  u p  to  3 0  yrs
A tte n u a t io n  v o lu m e 3 M o r e  th a n  tw o -th ir d s  a re a  c o n n e c te d  to  a tte n u a tio n  v o lu m e
L o n g  term  s to r a g e 3 M o r e  th a n  tw o -th ir d s  a re a  c o n n e c te d  to  lo n g  te r m  s to r a g e  v o lu m e
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Appendix C6 Table 5: Normalised weightings and attribute points associated with all options in 
Martlet
indicators Normalised Weightings Option 1 Option 2 Option 3 Option 4
Access 0.6 2 2 2 3
W ater visibility 0.7 3 1 2 3
Aesthetics 0.7 3 1 2 3
passive security 0.6 2 2 3 3
Multi-purpose 0.8 3 3 3 3
Safety 0.8 1 3 2 1
Ownership 0.7 3 3 3 3
Flood return period 1.7 3 2 2 3
Attenuation volume 1.6 2 2 2 3
Long term storage 1.6 1 1 0 3
Appendix C6 Table 6: Scores of SUDS options for Martlet
Option 1 Option 2 Option 3 Option 4
Access 1.2 1.2 1.2 1.8
W ater visibility 2.1 0.7 1.4 2.1
Aesthetics 2.1 0.7 1.4 2.1
passive security 1.2 1.2 1.8 1.8
Multi-purpose 2.4 2.4 2.4 2.4
Safety 0.8 2.4 1.6 0.8
Ownership 2.1 2.1 2.1 2.1
Flood return period 5.1 3.4 3.4 5.1
Attenuation volume 3.2 3.2 3.2 4.8
Long term storage 1.6 1.6 0 4.8
total score 21.8 18.9 18.5 27.8
Note:
Normalised scores were obtained by multiplication of individual scores with 
weightings
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Calculations and explanations for scoring o f Heron SUDS options
Appendix C6 Table 7: Attributes and attribute points associated with Option 1 (Pond)
Indicators Attribute points Attributes associated
Option 1 Access 3 Site is accessible by footpath and a road Churchill Avenue
Water visibility 3 Permanent pool of water in proposed pond
Aesthetics
3
Diversity of wildlife and vegetation along with the presence of 
water could give a high aesthetic value.
passive security 3 Buildings roads all around the site
Multi-purpose 2 Designed for storage and recreation
Safety 1 Proposed pond depth greater than lm
Ownership 3 Public
Flood return period 3 flood management up to 30 yrs
Attenuation volume
2
Between two-thirds and one-thirds are connected to attenuation 
volume
Long term storage 1 Less than one-thirds area connected to long term storage
Appendix C6 Table 8: Attributes and attribute points associated with Option 2 (Dry basin)
Indicators Attribute points Attributes associated
Option 2 Access 3 Site is accessible by footpath and a road Churchill Avenue
Water visibility 1 No permanent pool of water
Aesthetics 1 Dry basin with only grass vegetation
passive security 3 Buildings roads all around the site
Multi-purpose 1 Designed for storage only.
Safety 3 Depressed ground but no standing water
Ownership 3 Public
Flood return period 2 flood management up to 10 yrs
Attenuation volume
2




Between two-thirds and one-thirds are connected to long term 
storage
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Option 3 Access 3 Site is accessible by footpath and a road Churchill Avenue
Water visibility 3 Permanent pool of water in proposed pond
Aesthetics
3
Diversity of wildlife and vegetation along with the presence of 
water could give a high aesthetic value.
passive security 3 Buildings roads all around the site
Multi-purpose 2 Storage and recreation will be provided by the pond
Safety 1 Proposed pond depth greater than lm
Ownership 3 Public
Flood return period 3 flood management up to 30 yrs
Attenuation volume
2
Between two-thirds and one-thirds are connected to attenuation 
volume
Long term storage 0 No long term storage




Option 4 Access 3 Site is accessible by footpath and a road Churchill Avenue
Water visibility 2 Permanent presence o f some water in the form of little puddles
Aesthetics
2
Basin has a variety of vegetation such as native grass, shrubs and 
trees
passive security 3 Buildings roads all around the site
Multi-purpose 2 Designed for dual purpose (storage and recreation)
Safety 1 Depressed ground with some standing water but depth less lm
Ownership 3 Public
Flood return period 2 flood management up to 10 yrs
Attenuation volume
2
Between two-thirds and one-thirds are connected to attenuation 
volume
Long term storage 1 Less than one-thirds area connected to long term storage
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Appendix C6 Table 11 N orm alised weightings and attribute points associated with all options in
Heron
Indicators Normalised Weightings Option 1 Option 2 Option 3 Option 4
Access 0.6 3 3 3 3
W ater visibility 0.7 3 1 3 2
Aesthetics 0.7 3 1 3 2
passive security 0.6 3 3 3 3
Multi-purpose 0.8 2 1 2 2
Safety 0.8 1 3 1 2
Ownership 0.7 3 3 3 3
Flood return period 1.7 3 2 3 2
Attenuation volume 1.6 2 2 2 2
Long term storage 1.6 1 2 0 1
Appendix C6 Table 12: Scores of SUDS options for Heron
Indicators Option 1 Option 2 Option 3 Option 4
Access 1.8 1.8 1.8 1.8
W ater visibility 2.1 0.7 2.1 1.4
Aesthetics 2.1 0.7 2.1 1.4
passive security 1.8 1.8 1.8 1.8
Multi-purpose 1.6 0.8 1.6 1.6
Safety 0.8 2.4 0.8 1.6
Ownership 2.1 2.1 2.1 2.1
Flood return period 5.1 3.4 5.1 3.4
Attenuation volume 3.2 3.2 3.2 3.2
Long term storage 1.6 3.2 0 1.6
total score 26.6 22.7 20.5 21.1
Note: Normalised scores were obtained ?y multip ication of
weightings
i.
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